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ABSTRACT
Microdissection studies were done on 30 human adult 
hands and serial sectional investigation and neuromuscular 
spindle counts done on 1 3 2  intrinsic hand muscles. 
Neuromuscular spindle distribution charts were drawn for all 
the intrinsic muscles except the adductor pollicis; a corres­
ponding extrafusal fibre relative length chart is also 
presented.
A discussion of the methodology employed for spindle 
count and distribution charting is presented. The limitations 
of the spindle density values obtained by different methods 
is also discussed and an alternative numerical index or ratio 
is suggested.
From the results several following conclusions have been 
drawn and emphasised:
(a) There is a close correlation between zones of high 
neuromuscular spindle concentrations and the longer extra­
fusal fibres within each individual muscle, and this 
association appears to be of functional significance.
(b) There appear to be special qualitative features, within
the biomechanical arrangement of the muscles of the thumb, index 
and middle fingers (the "precis ion tripod",) not seen on the 
ulnar side of the hand.
(c) The lumbrical muscles have uniquely higher neuromuscular 
spindle densities than the other intrinsic muscles.' The 
lumbrical attachments, bridging the flexors and extensors 
of the hand, and the simultaneous mobility of their origins 
and insertions on the tendons of these other muscles in 
theory renders them additionally sensitive to finger move­
ments. Their motor role, on the other hand, appears
of somewhat secondary and incidental nature, although 
so far attention seems to have been focussed upon the 
latter more than on the sensory role.
Other results have been presented which indicate that 
there may be variations in the functional predominance of the 
wing or phalangeal tendons over the other. A scheme of the 
operative forces has been proposed with respect to this.
Finally two convenient sites for muscle biopsy for human 
neuromuscular spindle studies and some topics for future work 
have been suggested.
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V
(A) The Morphology and Functional Anatomy of the Intrinsic 
Hand Muscles.
The study of the anatomy of the hand dates back to the 
pioneering works of Vesalius Albinus (1734),
and others. Duchenne (1885) Is repeatedly quoted for his change 
of approach to the methodology since .he appears to be the first 
to use electrical stimulation on muscles to sfudy their active 
contraction effects. More recently classic textbook publications 
by Wood Jones (1919),, Kaplan (1940) have played an important 
role in setting a basis for studies of the anatomy of this 
organ. Bunnell (1944) and Handfield-Jones (1940) approached the 
same subject from the surgical point of view. Useful historical 
reviews of the literature on this subject are to be found in 
the subsequent theses and treatises published. Among them are 
that by Hall (1968); but the Atlas of the Anatomy of the Hand 
by Landsmeer (1976) goes commendably further than the scope of 
most atlases to give invaluable information of the literature 
reviews as well as microdissection and serial sectional obser­
vations on the whole structure of the hand.
The morphology of some of the intrinsic hand muscles have 
been^subject of some discussion. Day and Napier (1961) clarified 
the extents of the two heads of the flexor pollicis brevis and 
also observed that this muscle received its nerve supply by 
either a single branch to both heads or two branches one to 
each head. The deep head of the flexor pollicis brevis had • 
been previously regarded by some anatomists as the same one
at' times also referre.d to as Palmar Interosseus I (Wood 
Jones, 1919). The latter slip of muscle is attached to the 
ulnar side of the base of the first metacarpal and distally
1
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2to the ulnar sesamoid of the thumb and from thence to the 
base of the first proximal phalanx. Landsmeer (1955, 1976) 
considers the same slip of muscle as part of the adductor 
pollicis and most contemporary textbooks Gray (1975), Last 
(1977) refer to the term Palmar Interosseus I only in passing 
but they too acknowledge the presence of only three palmar 
interossei beginning with the one of the ulnar side of the second 
metacarpal.
Cannieli and Riche (1897) described the anastomosis 
between the deep branch of the ulnar nerve and the median 
nerve which effects a double innervation by these two nerves 
to the two heads of the flexor pollicis brevis. According to 
Day and Napier sometimes even the superficial head of this 
muscle may receive a supply from the ulnar nerve and they reflect 
upon the difficulty presented in the terminology of the thenar 
musculature therefrom.
Anomalies in the intrinsic hand musculature hav^ been shown 
to occur just like in the rest of the human skeletal body 
muscles (Lane, 1887 and de Bois-Reymond, 1894). Those involving 
the lumbricals have been reported particularly frequently. 
Braithewaite et al (1948) observed that the third lumbrical was 
the one most frequently missing. Although he states that 
additional or accessory lumbricals occur more frequently than 
a reduction in number he does not refer to the insertion patterns 
whether or not they result in the absence of the insertion of 
these muscles on any of the digits, a factor which is probably 
of equal functional significance as the total absence. Eyler 
and Markee (1954) described anomalies of these muscles 
involving double insertion patterns on some digits and bifid 
lumbrical insertions to the corresponding adjacent digits.
3Basu and I-Iazari (1962) observed in a series o f  72 hands, that 
there was one fourth lumbrical missing and there were 2 0 out of 
the72 hands in which there was a digit without any lumbrical 
muscle inserted to it.
t Apart from the palmaris longus which most textbooks,
Gray (1973)? Cunningham (1973)? Last (1978) Grant (1975 ) > 
state to be absent in about 1 0 % of the population, the flexor 
digiti quinti (brevis) has also been known sometimes to be 
absent since the publications of Quain (1 8 9 9 ) although, 
nobody seems to have worked out any frequency for this anomaly.
Functionally the lumbricals have been,accredited with inter- 
phalangeal extension by numerous -investigators.. Some of these 
observations are derived from manual manipulation methods and 
others from electrical stimulation and electromyography.
Duchenne (1885), Backhouse and Catton (1957), Long and Brown 
(1964), Hall (1968), Meibhur (1968) employed the latter more 
direct.electrical methods and Landsmeer (1976) in his review 
summarises their findings as conclusive of ail "inter-re 1 at ion of 
lumbrical activity and interphalangeal extension."
More specifically, Duchenne concluded from both electrical 
stimulation and manipulation results that the lumbricals are 
responsible for flexion of the metacarpophalangeal joints and 
extension of the interphalangeal joints. According to him 
the latter movement was also attributable to the action of the 
interossei and the extensor digitorum, extensor indices and 
extensor digiti quinti. He emphasised, furthermore, the 
synergistic action of the hand muscles under normal physio­
logical conditions which he considered not adequately 
represented by electrical stimulation methods directed at 
individual muscles.
;+
Eyler and Markee (1954) suggested after electrical 
stimulation following ulnar nerve block that the lumbricals 
"added materially to metacarpophalangeal flexion." They 
also extended the proximal interphalangeal joint and radially 
rotated the first metacarpal. Backhouse and Catton (1954) did 
both electrical stimulation and E.M.G. studies and came to a 
firm conclusion that the muscles are only weak flexors at the 
metacarpophalangeal joints but are very active during inter­
phalangeal extension which from direct stimulation appeared 
noticeably powerful.
Hall (1968) in her studies on the activity of the 
intrinsic hand muscles in the power grip elicited only moderate 
activity in the fourth lumbrical which was comparatively much 
less than that in the abductor of the little finger and the 
interossei. Among the categories of power grip associated with 
the moderate activity of this muscle were bite squeeze grip, clock' 
wise disc rotation grip and spherical grip. Hall, however, also 
reported moderate activity of this muscle in the hook grip.
The other lumbricals did not show significant activity in any 
of these categories of power grip.
Meibhur (1969) bid E.M.G. recordings during eight categories 
of precision grip. Lumbrical activity was observed in pad-to~pad 
and tip-to-tip gentle pinch which stopped in the loaded or 
unloaded condition during the movement towards the palm. The 
lumbrical was also active in the upstroke loaded phase of 
writing and when the fingers were moving away from the palm - 
this activity also ceased in the downstroke movement.
Landsmeer (1976) infers from this and previous results 
that there is strong indication of lumbrical play "as soon as 
interphalangeal extension is required or interphalangeal
flexion has to be avoided"and that the latter movement 
’never evokes lumbrical activity."
Thomas Long and Landsmeer (1968) attempted to explain 
the E.M.G. activity of the lumbricals by mathematically deriving 
the equations relating to the biomechanical role of the lumbricals 
in flexion of the metacarpophalangeal and extension of inter- 
phalangeal Joints. They began with the hypothesis that the lum­
brical muscle is unique and not functionally redundant?both in 
its passive or active capacity,as a basis for their answers.
During the mathematical analysis they considered the situation 
as it would be without lumbrical attachment to the relevant 
digits. Among the inferences they came to was that the unique 
attachment to the flexor digitorum profundus tendon provided an 
amplification factor of the passive force against interphalangeal 
flexion which rendered the lumbricals more significant in this 
role than the bulkier interossei. This passive force was derived 
from the visco-elasticity of the flexor profundus which during 
such phases was in a relaxed S'bafo. They also considered that 
the efficiency of interphalangeal extension would be much 
reduced and would require greater tensions in the interossei 
and extensor digitorum tendons if the lumbrical was absent.
Also according to them the flexor digitorum profundus and 
the corresponding lumbrical do not contract simultaneously and 
the lumbrical is also incapable of metacarpophalangeal flexion 
since the total flexion force at this Joint is strictly derived 
from the flexor profundus and will remain the same in both 
muscles during this movement.
Among other movements attributed to the lumbricals are
radial diversion of the first metacarpal as suggested by the
three above authors, but which had also been mentioned earlier 
on by Pick (1911) and Braithewaite et al (1948). Sunderland's
5
6Fig . 1 Composite Drawing, from a number of
monkey specimens, of "Ruffini Endings" 
in the Extensor Apparatus of the Finger. 
(After Stillwell 1957).
(1953) findings after studying the effects of median nerve 
injuries concurred with these earlier ones and he suggests 
that this effect maintains the digits in the normal axial 
position.
The relaxing of the flexor profundus tendons by lumbrical 
contraction was first described by Poore (as quoted by Napier 
(I960)). Eyler and Markee demonstrated that the traction upon 
the tendons of the flexor profundus was capable of drawing the 
latter tendons distally.
Yamada demonstrated that most skeletal muscles can be
passively stretched by up to 2 0 % of their original length with £vs
. . .  2 ' little stress, as 1 gm/mm-.
The extensor apparatus on the dorsal aspect of the phalange" 
was studied very extensively.by Landsmeer (1949, 1955, 1976) and 
one is referred for its functional considerations' to the 
discussion in the treatise by the same author in 1955 and 1976. 
Eaton (1969) also commented about the great functional importance 
of their structure with respect to some surgical conditions.‘
It is the former investigator, however, who established the 
attachments of the intrinsic and extrinsic muscles to the 
extensor apparatus (Fig. 2 ). The lumbricals were shown by
him almost invariably to attach to the radial wing tendons 
together with part or the whole of the relevant interossei. (.I?ig3 ) 
He showed that Dorsal l'nterosseus I is virtually wholly 
attached to the phalangeal tendon with a few palmar fibres 
spiralling to join the transverse lamina. The third dorsal 
interosseus, on the other hand, attached wholly to the wing 
tendon and the other two dorsal interossei had both wing and 
phalangeal tendons. The palmar interossei all attached to 
the wing tendons on their side of the metacarpophalangeal joint.
7
Thr mixed tvpe o f  insertion of  tlie dorsal iiiterosseus. Typical of  
dorsal If and I \  (a) Drawing of  the radial side o f  a middle finger showing the 
insertion of  the second dorsal intrros-eu-. The lateral tendon (O ) and the lumbrical 
fan out to form the wing. No fibre? of  the lateral tendon radiate into the transverse  
lamina. The medial tendon {*) pas*e* underneath the transverse lamina to gain the 
phalangeal tubercle.— (b) The t'rans\er*e lamina has been incised and reflected to 
'how thf- medial tendon (*).
Fig* 3 Phalangeal and Wing tendons and their 
relationship to each other and the 
joint axes(A) (After Landsmeer 1955)
9Matheson et al (1970) studied the range and power of 
ulnar and lateral deviations of four fingers and gave the 
results shown in Table 1. Saraffian (1970) applied traction
on dissected extensor digitorum tendons and measured the tensions 
in the different tendon bands of the extensor apparatus. He 
observed forceful tensions transmitted in the lateral tendons 
during interphalangeal extension, among other movements. Eyler 
and Markee (1954) also showed experimentally that the middle 
and ring fingers are stronger than the index and little fingers -- 
in that order - in their power of interphalangeal extension.
Stillwell (1957) observed a large congregation of "stretch 
receptors" in the extensor apparatus which represented a unique 
distribution of these end-organs from that seen in other sites.
He found that most tendon organs were located at the neuromusculai 
junction and there was thus a large gap between the two locations 
of these receptors in the long extensors and intrinsic muscles 
of the hand. Matthews (1972) quotes references which recorded 
the percentage of tendon organs normally found outside neuro-. 
muscular junctions as 8 % only.
Table
R ad ia l  dev ia tion  o f  index  100%
U ln a r  dev ia tion  o f  index 86 %
U ln a r  dev ia t ion  o f  little finger 73 %
Radia l  dev ia tion  o f  m iddle  finger 71 %
R a d ia l  dev ia tion  o f  little finger 62 %
U lnar  dev ia tion  o f  m iddle  finger 50 %
R adia l dev ia tion  o f  ring finger 49 %
U lnar  dev ia tion  o f  ring finger 44 %
1 . The relative thrusts of the fingers
in active ulnar and radial deviation, 
(the mean radial thrust of the index 
flinger is arbitrarily taken as 100%) 
(After Ilabheson et al, 1970)
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( B ) Neuromuscular Spindle Distribution in the Intrinsic 
Hand Muscles.
Ever since muscle spindles were first described by 
Kollilcer and Kuhne in 1860 and given that name (MuslceIspindeln) 
by the latter in 1863, on account of their shape, their presence 
has been established in numerous different muscles of other 
species and in every striated muscle of the mammal where they 
have been specifically sought (Matthews 1972). Kirschner (1888) 
postulated a sensory role for them which was later proved by 
Sherring ton (1894) . Ruff ini (1898) emphasised the use of the term 
neuromuscular spindle as more appropriate and these two terms 
have been used synonymously since then. While clarification of 
their physiology was in progress, a comprehensive review-of 
which can be found in the summaries by Barker (1961), Matthews 
(1972), Granit (1975), Stein (1974), Banker et al (1972)., attempts 
to determine their numerical distributions have also been made 
by various investigators.-
Gregor (1904) did an extensive study of 51 human foetal 
muscles by serial sectional methods and counted the number of 
spindles per section at fixed intervals. From these he charted 
histograms from which he derived spindle density indices which 
he considered as representative of their relative abundancy in 
the muscles. He made particular remarks about the apparent 
endowment of some hand muscles, especially the lumbricals, 
which exceeded that of the other muscles. His spindle dens ity 
indices for the upper limb muscles are shown in Fig. 4-
Voss (1937, 1956, 1957, 1958 and 195 9) also did an extensive
investigation and recorded, among his other findings, spindle 
counts within some intrinsic hand m u s c l e s a l s o  obtained from
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M u s c l e s  (after Gregor 1904) ( S e e  Gen. Discussion)
serial sectional examination of foetal specimens. In 1956 
he compiled a comprehensive list of muscle weights determined 
earlier by Theile in 1884 on separate human muscles dissected 
from fresh adult bodies. The article, however, does not indicate 
what preservation methods had been used or how long it was before 
the muscles were available for weighing considering the time it 
must have taken to separate all those muscles. It does not 
indicate either how much non-muscular superficial tissue was 
removed before weighing. The list therefore remains a 
documentation of monumentous work but of somewhat limited applic­
ation for comparison purposes in present situations. The total 
weights of the hand lumbricals are thus given as 4.7 gm. from 
Theile's table whereas Voss (1957) had quoted other figures for 
the four lumbricals which add up to a different total and which 
he subsequently used to calculate the spindle densities per gram 
of these muscles. Similarly, Schulze (1956) who was working under 
Voss at the time did spindle counts on the human foetal thenar 
muscles but used different adult muscle weights to those recorded 
by Theile for calculation of her relative spindle counts (spindle 
densities). The ratio between adult muscle weights and foetal 
muscle spindle counts was and is still used on the basis of the 
observation that the numerical increase of spindles in human 
muscles stops before birth. More specifically Cuajunco (1940) is 
quoted by Bowden (1954) to have specified the fifteenth week 
of gestation as the time when the maximum spindle count is 
reached in human muscles. The same investigations revealed that 
the extrafusal muscle fibres also cease to increase numerically 
after birth, the subsequent changes seen in the girth of muscles 
being due to increase in size of the individual fibres.
Other parameters other than muscle weights have been used
•13
as the denominator in the calculation of relative spindle 
counts. Gregor's method above is one of them. Hagbarth 
and Wohlfart (1952) and Cooper (1966) compared the absolute 
spindle counts to a given number of motor nerve fibres to 
examine if the differences observed in the spindle densities 
obtained by previous methods would disappear. The results 
still showed differences between different muscles in both 
human and other species .
Human foetal muscles have almost universally been used 
for such studies because of their small convenient sizes for 
serial sectioning and due to the fact that this also calls for 
search for the same number of spindles within a much smallzrarea 
than if adult muscles were used (Voss (1937), Matthews (1972)).
Sahinnen et al (1969) determined the absolute spindle 
count in the human Dorsal Interosseus I and worked out the 
spatial distribution of these receptors therein. He concluded that 
the average absolute count in this muscle was 48 spindles with 
a range between 54 and 44. The spindles were equally distributed 
between the ulnar and radial heads of this muscle, which he 
recorded as being more or less equal in size. The. zones of 
spindle concentration were close to the points of nerve entry.
Dale Smith and Marcarian (1966), using several adult and one 
newborn hands, performed absolute spindle counts on the hand 
palmar and dorsal interossei and obtained the results shown 
in Table 2- They also applied Gregor's ratio of spindles
per section and found that the number of spindles per section 
w as 31% greater in the newborn than in the adult.
Despite the recorded result of the smallest absolute 
number of spindles seen in Dorsal Interosseus IV they somehow
14-
make the observation that this muscle "has the largest number 
of spindles in that most of the sections have from three to
five spindles, ..........  and some with seven to eleven spindles
per section"(each section was 15 microns thick). Spindles were
also seen "far less frequently" in the palmar than in the 
dorsal interossei. Spindle distribution diagrams are presented 
by them in which they represent spindles by more or less straight 
longitudinal lines in all the zones of these muscles.
No spindle counts seem to have been done by anybody for the
other intrinsic muscles of the hand.
The ratio of spindles per unit area of section or per unit 
volume of muscle has been used as a method by which both para­
meters of relative spindle count are obtained from the same 
subject (Barker, 1974)- The volume is calculated from the 
cross-sectional area measured on the slide sections, together 
with the thickness of individual sections and the number of 
sections covered by the muscles. The error factors involved in 
this method have also been evident since the area or volume 
estimations include the artificial interstitial or inter­
fascicular spaces that are likely to occur during tissue pro­
cessing and section cutting - an artefact which inevitably occurs 
in irregular patterns even within the small muscles of the same 
subject e.g. human foetus. The validity of the ratio is limited 
to comparison of relative spindle abundancy only within muscles 
from the same individual.
Barker and Ip (1961) pointed out that earlier workers may 
have not taken into consideration the appearance of tandem or 
compound spindles in which several capsular zones may congregate 
together or lie end-to-end. They suggested therefore that some 
of the counts obtained by these earlier investigators may
1 5
Diagrammatic representation 
of the spiDidle capsule 
arrangements-' in (a) parallel 
and Ob) various types of 
compound (multiple) spindles. 
(After Richmond and Abrahams 
1975).
Nuclear chain fibres 
c: thin lines 
Nuclear bag fires = thick line
A
have been lower than the true ones. They also suggest 
shorter intervals between serial sections in order to avoid 
missing these tandem arrangements. Matthews (1972) agreed with 
them on the physiological meaningfulness of counting each 
spindle capsule as an entity since each of them connects with 
a single primary afferent nerve. Richmond and Abrahams (1975) 
depicted the compound patterns in the dorsal neck muscles of the 
cat. Cooper (1963) and Kennedy (1970) quoted some of the 
earlier findings in respect of spindle density values in human 
muscles and Matthews in his review underlines the popular 
correlation of high spindle density values, as seen in neck, 
extraocular and lumbrical muscles, in precision movements. 
Backhouse (1968) suggested that relative abundancy of these 
end-organs in the lumbricals, as found by Babinski, may imply a 
special proprioceptive sensory role for these muscles in the 
precision activities of the hand.
Various authors have indicated the possible significance 
of the position of spindles within the muscles and hence that of 
the spatial distribution of spindles, (Richmond and Abrahams 
1975) (see also the reviews above). The correlation of spindles 
with extrafusal fibre organisation has also been done with 
respect to the histochemical types, phasic/tonic muscle types 
and ultrastructural types (Richmond and Abrahams 1975 (a)(b); 
Matthews, 1972; Barker and Ip, 1961, Banker et al).
For a more detailed comprehensive review of this extensive 
subject of neuromuscular spindle morphology, distribution, and 
functional considerations one is best referred to the above 
book reviews.
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S h o rtest sp in d le 4 2 0  Atm & IQ u m 645  ft r.i 7 8 0 /t  m
Palm ar In tern sseu s M uscles
F irst Second T hird
N u m b er o f m uscle sp in d les  per 
m u scle 15 9 10
.A v era g e  len g th  of m u scle  sp in d les 1409 /tm 2 0 3 5  At in 1244 finx
L on gest sp in d le 2 4 0 0  .itm 3 555  A/ m 2 970  Atm
S h o rtes t sp in d le 675 a*1'1 1245 yum 4 2 0  Mm
Table 2. Absolute Muscle Spindle Counts in the 
Ihterosseus Muscles of a -Newborn (After 
Dale Smith, R., and Marcarian, ty. 1966)
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Much work has been done on the motor aspects of the 
hand muscles and their functional anatomy has been debated 
at length if not greatly clarified. The overall picture of 
the neuromuscular sensory patterns and their functional 
considerations, however, is comparatively incomplete.
Muscle spindles form an important part of this picture. 
Their relative counts (spindle densities) and spatial distrib­
ution in the intrinsic muscles of the hand need to be invest­
igated further especially within those muscles where these 
counts have not been done before, e.g. the hypothenar muscles.
The microdissection and microanatomical aspects of the extra- 
fusal fibre organisation within these muscles, particularly 
the interossei, also need further clarification before the above 
findings can be applied fully to elucidate the role of these 
proprioceptive sensory receptors in the hand.
This thesis is undertaken to take a closer look at the fine 
morphology of the intrinsic musculature of the hand and the 
spindle distribution therein and then to derive any possible 
qualitative functional patterns from them.
INTRODUCTION
CHAPTER .3. MATERIALS AND METHODS 
SECTION A: LUMBRICAL PATTERN STUDY
The main objectives in this section were to 
estavblish whether there were auiy compensatory provisions 
Tor this seemingly very important muscle (see Lit.Review) 
on those digits where it was missing so that any such 
modifications could be followed up by microdissection and 
serial sectional studies. Also in the cases of bifid 
lumbrical insertions a search was made in the corresponding 
interossei for any parallel deviations from the previously ’ 
described distal attachment patterns.
A total of 30 human hands were used. The material 
was obtained mostly from half-dissected bodies in the 
Anatomy Laboratory at Guy's Hospital Medical School,
London, England (Hands GH 1 to 10 and GH 19 to 30)
The rest of the hands were obtained from The Anatomy 
Laboratory at the University of Surrey, Guildford, England 
(Hands UOS 11 to 18). Only five intact pairs of hands, each 
from tlie same body, were available in both groups of 
bodies.
The source of nerve branches to the lumbricals was 
established in each hand, and the gross contribution by the 
ulnar and median nerves to this supply was noted in each 
case and the relationship of the nerve supply to lumbrical 
structure was investigated.
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SECTION B: MICRODISSECTIQN OF THE INTRINSIC MUSCLES
The other intrinsic muscles in the 30 hands were then 
carefully microdissected,, using a stereoscopic dissecting 
microscope when necessary in the case of Hands UOS 11 to 18. 
Their extrafusal fibre organisation was checked from origin 
to insertion and when there were any salient in situ features 
photographs were taken before the microdissection was carried 
any further. The relationship between the various heads of 
these muscles and the nerves, blood vessels and their 
intramuscular tendon formations were investigated. More 
photographs of each muscle in several hands were taken to 
depict these additional intramuscular features as well as 
muscle fibre length and their directional patterns, a 
particular emphasis being made on differences between the 
heads of origin and the fascicular organisation within the 
insertion tendons.
The  i n d i v i d u a l  i n t r i n s i c  m u s c l e s  i n  h a n d s  LOS 11 t o  IB  
a n d  GH Z}. t o  23  ( e x c l u d i n g  t h e  p a l m a r i s  b r e v i s )  w e r e  t h e n  
c a r e f u l l y  d i s s e c t e d  o u t ,  o n e  h a n d  a t  a  t i m e ,  f r o m  t h e i r  
a t t a c h m e n t s . T h e y  w e r e  p l a c e d  i n  s e p a r a t e  l a b e l l e d  
c o n t a i n e r s  a n d  i m m e r s e d  f o r  2 4  h o u r s  i n  10% f o r m a l i n  
s o l u t i o n  t o  a l l o w  t h e  m u s c l e s  t o  s o a k  t h o r o u g h ] y  i n  t h e  
s o l u t i o n .  T h e  f o r m a l i n  w a s  u s e d  b e c a u s e  i t  w£is t h e  m a i n  
i n g r e d i e n t  o f  t h e  e m b a l m i n g  f l u i d  u s e d  f o r  p r e s e r v a t i o n  o f  
t h e s e  b o d i e s .  A l l  t h e  e x t r a m u s c u l a r  t i s s u e s  e . g .  t e n d o n s ,  
b l o o d - v e s s e l s ,  n e r v e s  a n d  f a s c i a l  c o n n e c t i v e  t i s s u e  w e r e  
c a r e f u l l y  t r i m m e d  o f f  t h e  m u s c l e s  u n d e r  t h e  m i c r o s c o p e .
This was done in an attempt to ensure that the eventual 
muscle weights corresponded as closely as possible to the 
actual muscle fibre mass of the individual muscles.
No a t t e m p t  w a s  ma d e  t o  d i s s e c t  o u t  a n d  w e i g h  s e p a r a t e l y  
t h e  d i f f e r e n t  h e a d s  o f  t h e  i n t e r o s s e i ,  a b d u c t o r s ,  p o l l i c i s  
b r e v i s  a n d  d i g i t i  m i n i m i ,  t h e  b i f i d  l u m b r i c a l s ,  o r  t h e  t wo  
b e l l i e s  o f  t h e  o p p o n e n s  p o l l i c i s  w h i c h  a r e  d e s c r i b e d -  b e l o w  
i n  t h e  R e s u l t s  ( S e c t i o n  A ( x i i i ) ) .  E a c h  m u s c l e  w a s  
w e i g h e d  o n  a S a r t . 2 2 5 4  S c a l e  a f t e r  b l o t t i n g  a w a y  t h e  
s u p e r f i c i a l  e x c e s s  f o r m a l i n  w i t h o u t  a p p l y i n g  t o o  m u c h  
p r e s s u r e  w h i c h  w o u l d  s q u e e z e  o u t  s o me  o f  t h e  f l u i d  w i t h i n  
t h e  m u s c l e .
A l l  t h e  m u s c l e s  w e r e  t h e n  d r i e d  o u t  i n  a n  o v e n  f o r  
4 8  h o u r s  a t  3 7 ° C  w i t h  a d e q u a t e  a m o u n t s  o f  d r y  s i l i c a  g e l  
p a c k i n g  a r o u n d  e a c h  m u s c l e  a n d  a f t e r  h a v i n g  t e a s e d  o u t  t h e  
f i b r e s  o f  e a c h  m u s c l e  t o  i n c r e a s e  i t s  s u r f a c e  a r e a  a n d  
f a c i l i t a t e  £is' h i g h  a d e g i e e  o f  d e s s . i c a t i . o n  a s  p o s s i b l e .
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S U C T IO N  C :  I N T R I N S I C  M U S C L E  W E IG H IN G
A f t e r  t h e  4 8  h o u r s  t h e  d r y n e s s  o f  e a c h  m u s c l e  w as  
t e s t e d  b y  p l a c i n g  f r e s h  s i l i c a  g e l  a g a i n s t  t h e  m u s c l e  
f i b r e s  f o r  s e v e r a l  h o u r s  w i t h i n  a  v a c u u m  o v e n  a n d  n o t i n g  
a n y  c o l o u r  c h a n g e  i n  t h e  s i l i c a  g e l .  T h e  d r y i n g  p r o c e d u r e  
w a s  c a r r i e d  o n  f o r  2 4  h o u r s  m o r e  i f  t h e  s i l i c a  g e l  t e s t  
i n d i c a t e d  i n c o m p l e t e  d r y i n g .  T h e  d r i e d  m u s c l e s  w e r e  t h e n  
w e i g h e d  i n d i v i d u a l l y  u s i n g  t h e  s a m e  s c a l e  a s  b e f o r e  a n d  
t h e i r  d r y  w e i g h t s  n o t e d .  A c o u n t e r c h e c k  o f  t h e  a d e q u a c y  
o f  t h e  d r y i n g  m e t h o d  w a s  d o n e  f o r  m u s c l e s  f r o m  o n e  h a n d ,  
a f t e r  w e i g h i n g  t h e m ,  b y  i m m e r s i n g  e a c h  o f  t h e m  i n  f r e s h  
x y l e n e  a n d  c h e c k i n g  t h e  l a t t e r  f o r  a n y  t u r b i d i t y .  T h e  
a b s e n c e  o f  c l o u d i n g  s e e n  i n  a l l  t h e  x y l e n e  s a m p l e s  was, 
t a k e n  a s  i n d i c a t i v e  o f  a d e q u a t e  d e s s i c a t i o n  b y  t h e  a b o v e  
m e t h o d -
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MUSCLES .
.10 c o m p l e t e  human f o e t a l  h a n d s  o f  a g e s  r a n g i n g  f r o m  16  
t o  2 0  w e e k s  w e r e  u s e d  f o r  t h i s  s t u d y .  So me  h a d  b e e n  
p r e s e r v e d  f o r  a  c o n s i d e r a b l e  l e n g t h  o f  t i m e  a n d  t h e i r  r e c o r d s  
w e r e  t h u s  u n a v a i l a b l e .  T h e  r e l e v a n t  d e t a i l s  o f  t h e  f o e t u s e s  
u s e d  w e r e  a s  s h o w n  i n  T a b l e  3 -
S p e c i m e n s  RFUSM 1 ,  2 a n d  3 w e r e  f i x e d  i n  R i c h a r d s o n ' s  
F i x a t i v e  a t  t h e  R o y a l  F r e e  H o s p i t a l  S c h o o l  o f  M e d i c i n e ,  
L o n d o n ,  E n g l a n d ,  f o r  a n  u n s p e c i f i e d  t i m e .  S p e c i m e n s  UOS 
1 a n d  2 w e r e  f i x e d  i n  an  u n k n o w n  p r e s e r v a t i v e  f l u i d  a l s o  f o r  
a n  u n s p e c i f i e d  t i m e ,  p r o b a b l y  m o r e  t h a n  f o u r  y e a r s .  T h e y  
w e r e  b o t h  i m m e r s e d  i n  N e w c o m e r ' s  F i x a t i v e  f o r  4 8  h o u r s  b e f o r e  
p r o c e s s i n g .  S p e c i m e n s  SLH 1 t o  5 w e r e  a l l  o b t a i n e d  f r o m  
S t .  L u k e ' s  H o s p i t a l ,  G u i l d f o r d ,  E n g l a n d ;  t h e y  w e r e  a l l  f r o m  
r e c e n t  a b o r t i o n s  a n d  h a d  a l l  b e e n  f i x e d  i n  10% f o r m a l d e h y d e  
f o r  2 t o  4  m o n t h s  b e f o r e  t h e y  w e r e  a v a i l a b l e  f o r  p r o c e s s i n g .
E x c e p t  f o r  S p e c i m e n s  RFI-ISM 2 a n d  3 f r o m  w h i c h  t h e  
i n d i v i d u a l  i n t r i n s i c  m u s c l e s  w e r e  d i s s e c t e d  o u t ,  p r o c e s s e d ,  
e m b e d d e d  a n d  s e c t i o n e d  s e p a r a t e l y ,  a l l  t h e  o t h e r s  w e r e  
d e c a l c i f i e d  e n  b l o c  a n d  p r o c e s s e d ,  e m b e d d e d  a n d  s e c t i o n e d  
a s  s u c h .  T h i s  l a t t e r  p o l i c y  w a s  a d o p t e d  f o r  t h e  a d v a n t a g e  
i t  o f f e r e d  i n  s p e e d  a n d  t h e  e a s e  o f  s p a t i a l  r e f e r e n c e  b e t w e e n  
t h e  v a r i o u s  s t r u c t u r e s  i n  t h e  h a n d ,  d e s p i t e  t h e  d i s a d v a n t a g e  
t h a t  i t  m e a n t  n o n - u n i f o r m i t y  i n  t h e  p l a n e s  o f  s e c t i o n - c u t t i n g  
t h r o u g h  t h e  v a r i o u s  m u s c l e s  -  a  f a c t o r  w h i c h  f o r e s e e a b l y  
w o u l d  r e n d e r  t h e  d e t e c t i o n  a n d  c o m p a r i s o n  o f  s o m e  s t r u c t u r e s  
r a t h e r  d i f f i c u l t  ( S e e  a l s o  R e s u l t s  f o r  T h e n a r  a n d  H y p o t h e n a r  
M u s c l e s ) .  T h e  c u t t i n g  o f  t h e  h a n d  e n  b l o c ,  h o w e v e r ,  w a s
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TABLE 3 :  SPECIM EN S USED FOR S E R IA L  SECT IO N A L STU D IE S
SPEC I MEN SERIES AGE 
(wks )
SIDE SEX FIXATIVE
R FI IS Ml .1 20 L F Richardson's Fixative-
UOS 1 2 18 L F Newcomer's Fixative
S LI-11 3 16 L F 10% Formalin
S LI-12 4 16 R • F 10% Formalin
S LI-13 5 28 L F 10% Formalin
S LH4 6 18 L F 10% Formalin
RFHSM2 7 20 R F Richardson's Fixative
SLH5 8 18 L F 10% Formalin
RB 9 Unknown. Species acquired already stained
RFHSM3 10 16 R F Richardson's Fixative
UOS 2 11 20 L F Newcomer's Fixative
deemed to be the better technique for studying the 
structural relations of the intrinsic musculature in the 
hand, and of the patterns of tendon attachments to the digital 
and carpal bones.
Decalcification: This was done using 5.5% EDTA (Ethylene
Diamine Tetracetic Acid). Approximately 50 times the 
volume of the tissue was used in each case. This amount 
was buffered to PH 7.4 with Sorensen's Phosphate Buffer 
(Carleton 1967). Three changes of this mixture were used, 
each for 4 to 5 days at a time. After the third change 
the degree of decalcification was tested using an Oxalate 
reagent. , 1 ml. of 5% Sodium Oxalate was added to 5 ml. 
of the last change of decalcifying fluid neutralised with 
NaOH. Absence of turbidity after five minutes was taken 
as indicative of adequate decalcification.
Processing: The hands were then passed through several
changes of graded alcohols, two changes of xylene and two 
changes of paraffin wax in an automatic processer.
Because of the bulk of tissue involved, the hands were 
passed through three 30-minute changes of paraffin wax 
in a vacuum oven after the automatic processer schedule.
The specimens were then embedded en bloc in paraffin 
wax for microtomy. Serial sections 10 mm. thick (except 
for Series 6 which were 12 mm. thick) were cut from the 
proximal carpal to the proximal phalangeal level. In 
Series 1 and 2 the cutting was continued further distally 
to the tip of the fingers. A Rotary Microtome was used 
for all the series .
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SECTION D : NEUROMUSCULAR SPINDLE COUNT
In addition to the 9 series used for the study of 
Extrafusal Fibre Organisation in the preceding section, 
another set of slides was Obtained from a separate source 
from which a separate neuromuscular spindle count of the 
Dorsal Interosseus I could be done. Alternate slides were 
stained by the van Gieson method described above and 
Glee’s method (Carleton, 1967)
A Smith stereoscopic light microscope was used for 
spindle counting . In most cases adequate distinction 
of the individual neuromuscular spindles for counting 
purposes was possible with a X8 or X10 objective. Only 
infrequently did the X40 objective become necessary to 
establish the presence or identity of a spindle among 
surrounding extrafusal fibres. Because of the relatively 
younger age of the foetuses used it was necessary to examine 
every single section during the count since the spindle 
lengths in such cases were much shorter than in adults or 
new borns as used in other previous series (Sahinnen et 
al, 1967) and especially since detection was mostly done 
by identifying the spindles by their equatorial region 
nuclear aggregations. In the 16 week old foetus these 
dimensional factors were even more crucial since the polar 
regions of the spindles tended to be particularly indistinct. 
The locations of the spindles on the slide were recorded 
using the England Finder Reference Slide.
This is a glass slide marked over the top surface in such 
a way that a reproducible reference position can be deduced 
by direct reading, the reference pattern shown and the 
locating edges having the same relationship in all such
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Finders.
No differential count was done according to specific 
spindle types, viz. tandem, double, compound or simple 
spindles, as described by some previous authors (Abrahms 
and Richmond 1974, Swash and Fox 1972). However, as 
most of the counts were done at the spindle equatorial 
zones, the external capsule was used as the demarcating 
feature and any complete compartmentalisation into two 
separate outer capsules (see literature Review) at whatever 
level of the equatorial zone and with whatever degree of 
staggering was treated as two separate spindles. In tandem 
■spindles with end-to-end apposition, each equatorial zone 
outer capsule was counted as representing one spindle.
In muscles like the opponens pollicis and especially 
the adductor pollicis, the direction of the fibres were 
sometimes such that the plane of section resulted in the 
muscle fibres being cut in oblique, tangential, and even 
longitudinal sections. A lot of care was taken to follow 
the full extent of the equatorial regions of individual 
spindles cut in these irregular planes without double­
counting or missing out any of the compound spindles which 
in these instances were not as clearly demarcated as in 
the transverse sections. Also whenever there was a gap 
in the sequence of the serial sections, however small, a 
particularly careful search was made for the polar zones 
of possible spindles whose equatorial zones could have 
been left out within the gap. This was especially 
important with the series from the younger 16 week foetus 
as in this case the diameter of the whole equatorial 
zone of the spindle could be left out within a gap of
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Recounts of the spindles were.done in five series 
(see Section on Spindle Distribution Charting) and a mean 
of the two counts was calculated whenever there was a difference 
in 1he two counts. A countercheck on spindle identification 
methods used in Specimen RBI was done for comparison purposes 
by a second person from another centre.
An attempt was made to use a computerised image analyser 
(see the following section on Spindle Distribution Charting) 
for counting the spindles in some muscles in one series. The 
use of this equipment for this particular exercise however was 
soon abandoned because of the poor lack of distinction of the 
spindle equatorial zones from other nuclear congregations like 
in blood vessels,which rendered the counting procedure very 
time-consuming. However this equipment was later on put to 
better and more convenient use for spindle distribution 
charting once the number of spindles expected in each section 
was known from the counts done using the light microscope.
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r e l a t i v e l y  f e w e r  s e c t i o n s .
Because of the multiple investigations that were to 
be undertaken on the Series, e.g. Neuromuscular spindle 
counts and distribution charting, it was decided to mount 
every one of serial sections except where the sections were 
unsuitable. Any gap in the series was carefully noted.
Previous workers in the field of neuromuscular spindle 
counting (Voss 1937, Schulz 1956, Richmond and Abrahms 1974) 
have suggested before that due to the considerable length of 
the spindle, it may be necessary to mount- only every fifth 
or tenth section. In practice this proved to be more time- 
consuming than mounting all the sections since it involved 
having to sort out the individual sections after every 
interval out of the well preformed sequential wax ribbons. 
Mounting all the sections was also decided upon for the ease 
it would offer in tracing weaving intramuscular structures 
like nerves and blood vessels.
The microscopy for extrafusal fibre organisation was 
done with a standard Smith stereoscopic light microscope. 
Photomicrographs of any pertinent features were taken using 
Zeiss and Leitz Orthoplan i3aotomi<s>r?oscopes.
Staining: All sections in 9 series were stained with Weigert’s
Haematoxylin and counterstained with van Gieson's Stain 
(Carleton, 1967). This method offered adequate distinctive 
staining qualities for demonstrating all the non-muscular 
structures relevant- to this study, viz. tendons, nerves, 
blood-vessels and neuromuscular spindles. Holme’s stain 
(Carleton, 1967) was also used ih one series for confirmatory 
study of the pattern of nerves in the intrinsic muscles and 
the whole hand in general.
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FIG. 7 DORSAL VIEW OF DORSAL INTEROSSEUS I (SERIES UOS15) 
NOTE THE TRULY BIPENNIFORM STRUCTURE OF THE MEDIAL 
PART. THE MAIN INTRAMUSCULAR TENDON CAN BE SEEN 
ABOVE THE MARKER.
SECTION E: NEUROMUSCULAR SPINDLE DISTRIBUTION CHARTING
Like spindle counting in the serial sections, spindle 
distribution charting was time-consuming and tedious. One 
of the major aims during the course of the study, therefore, 
was to work out a possible much quicker method than those 
suggested in the available literature. Five different 
methods were therefore employed to chart the spindles in 
five of the series obtained from the foetal hands used in 
the serial sectional microanatomy of the intrinsic 
musculature.
In the first method, the outlines of every tenth 
serial section of the foetal hands were traced on 
isometric (three-dimensional) sectional charting paper.
The gap between two consecutive traces therefore represented 
100 p. since each section was 10 p. thick. Each serial 
section was then examined under a light microscope and the 
spindles located and counted for each muscle. The transcription 
of the spindle locations onto the traced charts was done by 
reference to identical chosen landmarks on the sections and 
the tracings and using measurements from these to get the 
relevant pin-point spindle locations.
The second method also tried was the use of 
microphotographs taken of each tenth serial section (i.e. 
allowing an interval of 100 ju in between as before). After 
the spindles had been counted and located on the slide 
sections as before their positions would be transcribed onto 
the photographs, using chosen identical reference landmarks 
as for the first method. Instead of conventional micro­
photographs which needed much smaller magnification 
objectives to include the section of the whole hand in
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one exposure, photographic printing paper was exposed 
to the screen image of the projector photomicrograph.
This whole method was abandoned soon but is worth 
mentioning here for reasons discussed later on.
In the third method a microscope eyepiece glass 
slide with grid markings was used. The projector 
microscope image was then adjusted and its outline traced 
when its magnification was such that the spaces between the 
eyepiece slide grid lines corresponded with several whole 
spaces between the isometric chart lines. In-this way a 
whole number magnification factor was obtained and without 
making any measurements one could transcribe spindle 
locations on the charts by merely counting lines and/or 
squares on the objective grid.from a reference landmark 
in the section and do the same on the chart after applying 
the multiplication factor. The objective grid slides 
used were obtained from Graticules Ltd. of Tonbridge, Kent, 
Eng land.
The fourth method involved the use of a micromanipulator 
to mark the locations of the spindles on the microscope 
slides as the spindles were being counted under a light 
microscope. On projecting the section onto the screen 
using the projector microscope an outline of any magnif­
ication of the section or part of it could be traced and the 
projected spindle .location points marked out simultaneously.
A pneumatic diaphragm micromanipulator was used 
although only the non-pneumatic part of it was employed 
and was sufficient for the level of micromanipulation 
required. A drawn-out glass micropipette filled with Indian 
Ink was used as the marker. It was therefore possible to
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e r a s e  t h e  m a r k s  o n  t h e  s l i d e s  w h e n e v e r  n e c e s s a r y  . f o r  o t h e r  
p u r p o s e s .
A f u r t h e r  i n v e s t i g a t i o n  o f  a d d i t i o n a l  s p i n d l e  c h a r t i n g  
t e c h n i q u e s  w a s  d o n e  b y  t h e  f i f t h  m e t h o d ,  u s i n g  c o m p u t e r i s e d  
Q u a n t i m e t  7 2 0  I ma g e  A n a l y s e r .  T h i s  i n s t r u m e n t  a l l o w e d  t h e  
c r o s s - s e c t i o n  o f  t h e  f o e t a l  h a n d  m u s c l e ,  p l a c e d  u n d e r  a  m a n u a l  
l i g h t  m i c r o s c o p e ,  t o  b e  s c a n n e d  f o r  i m a g e  a n e i l y s . i s  u s i n g  
g r a y  l i n e  o r  o p t i c a ]  d e n s i t y  c h a r a c t e r i s t i c s .  T h e  Q u a n t r i m e t  
7 2 0  s p e c i f i c a l l y  u s e s  d i g i t a l l y - c o n t r o l l a b l e  7 2 0  l i n e  n o n ­
i n t e r l a c e d  v i d e o  a n d  a  h i g h  r e s o l u t i o n  P l u m b i c o n  TV s c a n n e r ,
T h e  e q u i p m e n t  w a s  o b t a i n e d  f r o m  C a m b r i d g e  I n s t r u m e n t s  o f  
H e r t f o r d ,  E n g l a n d .
T h e  i n t r i n s i c  h a n d  m u s c l e s  w e r e  s c a n n e d  o n e  b y  o n e  
t h r o u g h  t h e  w h o l e  l e n g t h  o f  t h e  s e r i e s .  T h e  n e u r o m u s c u l a r  
s p i n d l e  e q u a t o r i a l  r e g i o n s  w e r e  u s e d  f o r  s p i n d l e  i d e n t i f i c a t i o n  
a s  t h e y  h a d  r e l a t i v e l y  m o r e  c o n s p i c u o u s  o p t i c a l  d e n s i t y  d u e  
t o  t h e  c l o s e l y  p a c k e d  n u c l e a r  b a g  a n d  n u c l e a r  c h a i n  
a g g r e g a t i o n s .  O t h e r  s t r u c t u r e s  w h o s e  n u c l e a r  a r r a n g e m e n t s  
c r e a t e d  c l o s e l y  s i m i l a r  o p t i c a l  d e n s i t i e s ,  a n d  t h e r e f o r e  
c o u l d  b e  c o n f u s e d  w i t h  t h e  s p i n d l e s ,  w e r e  c h e c k e d  f o r  
t h e i r  s h a p e s  a n d  s i z e s  a n d  i f  t h e i r  i d e n t i t i e s  w e r e  s t i l l  
u n c e r t a i n  t h e y  w e r e  c o u n t e r c h e c k e d  o n  t h e  a c t u a l  s e c t i o n  
p l a c e d  u n d e r  t h e  s c a n n i n g  l i g h t  m i c r o s c o p e .
U s i n g  t h e  I m a g e  E d i t o r  l i g h t  p e n ,  u n r e q u i r e d  s t r u c t u r e s  
n e a r  t h e  s p i n d l e s  o r  e l s e w h e r e  c o u l d  b e  e r a s e d  f r o m  t h e  
s c r e e n .  A p h o t o g r a p h  o f  t h e  c o m p u t e r i s e d  c h a r t  w a s  t h e n  
t  e\ke n *
31-
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D i s c u s s i o n  o f  N e u r o m u s c u l a r  S p i n d l e  D i s t r i b u t i o n  C h a r t i n g
Because of the tedious nature of the work involved in 
spindle distribution charts, it is worthwhile discussing 
briefly the methodology .used in this study and by other 
workers.
In three-dimensional distribution charts, especially 
when they involve as large a structure as the hand whose 
muscles have a wide variation of shapes and sizes, it is 
necessary to reflect these variations accordingly in the 
charts. Although many charts depict spindles as straight 
lines, because of the muscle shapes and cross-sectional 
size changes this is not totally correct in actual practice.
The spindles on the tapering outer side of a fusiform 
muscle will definitely lie at an angle to the longitudinal 
axis of the muscle; the spindles in oblique fibres of a 
longitudinal muscle will lie in an oblique inclination to the 
rest of the spindles in the longitudinal or horizontal parts 
of the muscle.
It is therefore important for the outline of the chart 
to be as accurate as possible to the original cross-section.
The projector microscope offers a quick and cheap method 
for obtaining this outline without having to make the 
numerous measurements one would require to chart this 
changing outline by hand. Photomicrography on the other 
hand actually gives even more than just the outline; more 
closer reference landmarks are also available for pin­
pointing spindle locations 011 the image chart. However, despite 
the increased accuracy by this method,one. has to make a 
tracing eventually anyway to obtain a clearer spindle 
distribution chart which leaves out all the other unwanted
image details in the.original photograph which are inevitably 
predominant and can be confusing. The method requires
additional material than the first one, and is somewhat 
repetitious.
The eyepiece grid slides are much faster than the 
above two methods; and are also very cheap. The only 
drawbacks here are that most of them do not fit tightly 
in the eyepiece tube and therefore tend to rotate or 
change alignment quite easily. Any readjustment may often 
mean change of relative magnification between the microscope 
and the screen image which in turn means a source of error 
inthe relative spindle locations on the screen chart as a 
result of the altered magnification. Finally the distance 
between the screen chart and the projector microscope lens 
has to be kept constant all the time to ensure constant 
magnification. Even mere rotation of the projector 
microscope does alter this magnification. However, the 
eyepiece grid slide was found to make the work much quicker 
than the other two methods mentioned above and the errors 
caused by these drawbacks were minor.
The micromanipulator provided the quickest, and most 
accurate technique of those used for spindle distribution 
charting. One can use it with serial photomicrographs or 
serial projector microscope image tracings. Either way 
it gives the exact locations of the spindles without 
requiring any additional measurements or use of reference 
landmarks in the sections. The only problem here was 
getting marking ink that would not spread out from the end 
of the marker and blot out the pin-point spindle locations, but 
micromanipulators with less cumbersome means of marking are now
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available on the market. Another minor drawback was the 
thickness of the cover-slip^ as the micromanipulator pen 
can only mark on the cover-slip; hence the focus for the 
section and the mark are not the same. However, with small 
enough marks this factor does not pose much of a problem 
and does not decrease the accuracy of the method to any 
considerable extent.
The Quantimet Image Analyser is a versatile modern 
equipment and since it is computerised, most of the analysis 
is automatic, including a cumulative spindle count, if wanted. 
Unfortunately, it is expensive, it can be cumbersome, and has 
several factors which introduce some degree of inaccuracy in 
spindle charting. Sometimes a lot of structures can have 
optical densities close to that of the spindle equator, i.e. 
the most distinctive zone used for spindle identification in 
this method. Blood vessels, especially, are commonly liable 
to be confused with spindles and frequent counter-checks on 
the scanner microscope for clarification made the method 
somewhat more time-consuming than the others. Also the field 
of view of the microscope used for this work (X10 to X40 
objectives) is so narrow that the routine for the image 
analyser setting has to be repeated many more times than by 
the other methods where spindles can be picked out quite 
clearly from the whole section under the X5 objective.
For specific spindle counts and charting where the 
other non-muscular structures are not of interest, specific 
nuclear stains can be .used and if thinner sections are cut 
this kind of image analysis can be very useful since it can 
also give several additional parameters, like area, perimeters 
and possible spindle equator lengths. Most important of all,
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if all these parameters are obtained together with muscle 
fibre counts, a more informative assessment method of 
spindle density than almost all previous ones would therefore 
be available.
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RESULTS
SECTION A:  BXTRAFUSAL FIBRE ORGANISATION
A ( i . ) INTE ROSS E I  M USC LES 
D o r s a l  I n t e r o s s e i  i n  G e n e r a l
A l t h o u g h  e v e r y  d o r s a l  i n t e r o s s e u s  m u s c l e  h a d  a b i f i d  
o r i g i n  f r o m  w h i c h  f i b r e s  c o n v e r g e d  d i s t a l l y  t o  a  c o n j o i n t  
t e n d o n  o f  i n s e r t i o n ,  n o t  a l l  o f  t h e s e  m u s c l e s  w e r e  f o u n d  
t o  b e  b i p e n n a t e  i n  t h e  c l a s s i c a l  t e x t b o o k  p a t t e r n .  O n l y  
D o r s a l  I n t e r o s s e u s  I I I  c a n  b e  c o n s i d e r e d  t o  b e  f u l l y  b i p e n n a t e  
s i n c e  v i r t u a l l y  a l l  o f  i t s  m u s c l e  f i b r e s  r a n  a  s h o r t  o b l i q u e *  
c o u r s e  b e t w e e n  t h e  m e t a c a r p a l  s h a f t s  a n d  t h e  m i d l i n e  i n t r a ­
m u s c u l a r  t e n d o n  i n  a l l  d i s s e c t i o n s .  I n  a l l  o t h e r  i n t e r o s s e i  
w h i l e  p a r t  o f  t h e  m u s c l e  w a s  b i p e n n a t e ,  a n  a d d i t i o n a l  
c o n s i d e r a b l e  b u n d l e  o f  f i b r e s  s k i r t e d  t h e  i n t r a m u s c u l a r  
t e n d o n  c o m p l e t e l y  a n d  a c h i e v e d  d i r e c t  a t t a c h m e n t  t o  t h e  
j u x t a c a p s u l a r  p a d  o f  t h e  m e t a c a r p o p h a l a n g e a l  j o i n t  o r  t h e  
p r o x i m a l  p h a l a n g e a l  b a s e .  ( F i g s  7  & 8  ) .  T h i s  b u n d l e  w a s
p a r t i c u l a r l y  l a r g e  i n  t h e  c a s e  o f  t h e  f i r s t  a n d  f o u r t h  d o r s a l  
i n t e r o s s e i .  T h i s  s t r u c t u r a l  v a r i a t i o n  w a s  n o t e w o r t h y  b e c a u s e  
l a t e r  o n  i t  w a s  h e l p f u l  t o  c o r r e l a t e  t h i s  i n t r a m u s c u l a r  
p a t t e r n  w i t h  t h e  s p i n d l e  d i s t r i b u t i o n .
T h e  o t h e r  n o t e w o r t h y  o b s e r v a t i o n  w a s  t h a t  t h e  t w o  h e a d s  
o f  o r i g i n  f r o m  t h e  t w o  a d j a c e n t  m e t a c a r p a l s  r e m a i n e d  m o r e  o r  
l e s s  d i s t i n c t  t h r o u g h o u t  t o  t h e i r  d i s t a l  a t t a c h m e n t s  t o  t h e  
c o n j o i n t  t e n d o n  o f  i n s e r t i o n  o f  t h e  o v e r a l l  m u s c l e .  T h e y  may  
f o r m  a n  i n c o m p l e t e  s p i r a l  a r o u n d  e a c h  o t h e r  a s  i n  t h e  c a s e  o f  
t h e  d i s t a l  p a r t  o f  D o r s a l  I n t e r o s s e u s  I  o r  f o l l o w  o t h e r  
v a r i e t i e s  o f  p a t t e r n s  a s  d e s c r i b e d  b e . l o w ;  e v e n  t h e n  o n  . 
c a r e f u l  e x a m i n a t i o n  t h e  p l a n e  o f  s e p a r a t i o n  b e t w e e n  t h e m  w a s
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FIG..8 DORSAL VIEW OF THE RIGHT DORSAL INTEROSSEUS I
(SERIES UOS 17). NOTE THE CONSPICUOUSLY SHORTER 
ULNAR HEAD FIBRES AND THAT FIBRE GROUP DR3 JOIN THE 
PHALANGEAL TENDON DIRECTLY VIA THE DORSOLATERAL 
TENDON DLT.
always present or represented by one or another form of 
non-muscular tissue. This observation proved very useful 
since it enabled allocation of spindles to the appropriate 
heads of the muscles. It also helped in micro-dissection 
work in determining the appropriate head of origin of some 
of the central fibres which were otherwise difficult to follow 
to their metacarpal of origin, especially in cases where there 
was a spiralling pattern.
The persistent demarcation of the two heads was more 
clearly demonstrated in the serial sections of the younger 
foetal hands. In older foetuses and adults, as the muscle 
bulk increased the fibres were found to be more closely 
packed together such that the distinction between the two 
heads was not always immediately apparent. However, on 
closer examination of these older specimens, and on comparison 
with the younger foetal hands, the extrafusal fibre arrangement 
and the demarcation between the heads was found to be closely 
s imilar.
The two heads were very clearly separated at the bases 
of the adjacent metacarpals by the perforating artery from 
the dorsal carpal arch. In the case of Dorsal Interosseus I 
the radial artery separated the two heads as it dipped in to 
join the deep branch of the ulnar artery with which it forms 
the deep palmar arch - see Figures 7 and 8G Very often the 
loose connective tissue which surrounded these perforating 
arteries persisted over the dorsal metacarpal arteries which 
came from the same arterial arch and the subsequent position 
of these arteries in the intermetacarpal spaces corresponded 
in most cases with the dorsal ends of the intramuscular planes
4 0
or septa between the two heads of the dorsal interossei 
muscles. (Figs 9 and 25 ) The loose areolar connective tissue
which surrounded the perforating arteries in the proximal 
gaps between the two heads carried on distally forming the 
intramuscular septum which progressively narrowed as the 
most central muscle fibres of the two heads converged to 
begin forming the intramuscular tendon in the same plane.
The pattern of attachment of the fibres from each head to this 
tendon was variable as will be detailed below for each muscle.
Closely in the distal direction the branches from the 
deep ulnar nerve to these dorsal interossei entered each of them 
through this same intramuscular plane from the palmar side 
(Figs 14- and 19 ) The main branch of the nerve coursed to 
the middle of the muscle whereas there were smaller sub-branches 
in less than half the cases which diverged from the main branch 
into the muscle on either side of the intramuscular plane. 
Commonly the nerve lay intimately on one side of the portion 
of the intramuscular tendon which had already formed by this 
stage. In a few cases the nerve sometimes went through the 
middle of the intramuscular tendon in which case the two parts 
of the tendon adhered to each other by connective tissue 
looser than the tendon proper.
The main intramuscular tendon persisted along the
original intramuscular plane and thickened progressively until
all the muscle fibres had been incorprated into it including
those long ones which in some dorsal interossei ran the whole
length of the muscle; these did so by joining at the late distal
(
stages when the tendon was close to the metacarpophalangeal 
joint or just after that stage. This pattern was consistent
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FIG 9
DORSAL VIEW OF RIGHT DORSAL INTEROSSEI I I - I V  IN  
S I T U .  A METACARPAL ARTERY L IE S  IN  THE GROOVE 
BETWEEN THE HEADS OF DORSAL INTEROSSEUS I I  .
in all dorsal interossei even when, especially in Dorsal 
Interosseus I,there were branches of this main intra­
muscular tendon which reached the surface of the muscle.
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The extrafusal fibre fascicular pattern in this 
muscle was more complex than in the other interossei.
Dorsal Interosseus I was the bulkiest, the heaviest, 
and owing to the additional angular separation of the 
thumb and its metacarpal from the rest of the digital 
rays, it was also the longest interosseus muscle in the 
hand.
The ulnar head, originating from the base and 
lateral side of the shaft of the second metacarpal contained 
the shortest fibres of all. These followed a short very 
oblique course from the metacarpal to the intramuscular 
tendon which lay in between this ulnar head and the radial 
one. Together with the most adjacent medial fibres of the 
radial head, the ulnar head formed the only truly bipenniform 
part of Dorsal Interosseus I (Figs. 7 46*
The radial artery ran through the triangular gap between the most 
proximal fibres of the bipennate part at the base of the first 
intermetacarpal space. (Fig. 8 ). Although the fibres
of the medial part of the radial head were also relatively 
short compared ■ to the rest of the radial head, they were 
still slightly longer than the longest fibres to be found in 
the ulnar head. As seen in Fig. 7 they were also attached 
to the intramuscular tendon along the whole length of this 
tendon but the most distal fibres from this medial part of 
the radial head skirted this tendon completely and acquired 
attachment to the juxtacapsular pad of the 2nd metacarpophalangeal 
joint - to be conveyed along with the fibrous framework thereon 
to the base of the 2nd proximal phalanx.
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A ( i i )  D o r s a l  I n t e r o s s e u s  I :  M i c r o d i s s e c t i o n .
F I G  10
DORSOLATERAL VIEW OF THE RIGHT DORSAL INTEROSSEUS I.
ONLY A SMALL PART OF THE ULNAR HEAD IS SEEN AT THE
BOTTOM RIGHT END OF THE MUSCLE. THE RADIAL ARTERY 
CAN ALSO BE SEEN BETWEEN THIS HEAD AND THE LARGER 
RADIAL ONE ABOVE THE MARKER ABOUT 1 CM FROM THE 
T I P .  THE SPIRALLING DISTAL PALMAR PART OF THE 
ULNAR HEAD IS SEEN TO THE LEFT OF THE FAMILIAR
THICK WIDE DORSAL TENDON.
f
FIG. 1 1 PALMAR VIEW OF THE RIGHT DORSAL INTEROSSEUS I.
NOTE THE SHORT SPIRALLING FIBRES ARISING FROM 
PART OF THE MINIAPONEUROSIS ON THE PALMAR ASPECT 
OF THE RADIAL HEAD.
To allow for the additional angular separation of 
the first metacarpal from the second, and from the fact 
that the former metacarpal was shorter than the latter, 
the rest of the radial head fibres were therefore attached 
to the first metacarpal at levels more proximal than in 
the case of the distal ulnar head fibres. Their direction 
from this origin was found to be more or less parallel to 
the main intramuscular tendon of the bipenniform medial part of 
the muscle mentioned above. The fibres in the superficial 
dorsolateral aspect attached distally to a thick strong 
conspicuous tendon which can be seen on the dorsolateral 
surface of the muscle in Figs. 10 and 14-. Although this 
tendon extends internally to the main intramuscular tendon, 
the thickest and widest part of it is on the surface and has 
free edges as seen in Figs. 10 and 46 . In none of the series 
was there any cross-metacarpal insertion of the proximal 
radial head fibres as described by Landsmeer (1976) in his 
microdissection series.
On the palmar ‘aspect of the muscle there was a wide 
miniaponeurosis in the part adjacent to the oblique head 
of the adductor pollicis . The muscle fibres originating 
from this miniaponeurosis also went straight to their 
insertion on the base of the proximal phalanx without 
acquiring attachment to any of the two tendons described 
above (Fig. 11 ). The most medial of these radial head
fibres however joined the spiralling ulnar head fibres and 
inserted on the transverse tevmina of the extensor aponeurosis. 
(Fig ^5 Series UOS 17).
The longest group of fibres in Dorsal Interosseus I were
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FIG.12 PALMAR VIEW OF THE SAME MUSCLE AS IN FIG. 8
THE NERVE (ARROW) ENTERS THE PLANE BETWEEN THE 
ULNAR AND RADIAL HEADS. NOTE ALSO THAT A FEW OF 
THE SPIRALLING FIBRES COME FROM THE RADIAL HEAD.
FIG 13
PALMAR VIEW OF RIGHT DORSAL INTEROSSEUS I. 
THE MARKER IS POINTING AT THE NERVE SEEN 
ENTERING THE MUSCLE BETWEEN THE TWO HEADS.
to be found in the central parts of the radial head, deep 
to all the shorter surrounding superficial fibres described 
above. In Fig. 14 most of them can be seen coursing the 
whole proximodistal extent of the muscle and, apart from 
a few which acquire insertion on the tendinous bridge * 
connecting the superficial dorsolateral and the main 
intramuscular tendons, they all go to insert, directly at 
juxtacapsular level to the phalangeal tendon core to the 
base of the proximal phalanx.
As a result, there was a marked variation of fibre lengths 
in Dorsal Interosseus I, this variation was later on found to 
have remarkable bearing on neuromuscular spindle distribution 
within this muscle.
In one series the short ulnar head fibres were about 
1. Beni.-2 . Ocm . in length, except for the palmar band which 
extended farthest distally and spiralled around the dorsal 
tendon to attach to the transverse lamina of the first digit 
(Landsineer 1955). These averaged 2.5cm. in length. The 
radial head fibres which converged upon the dorsal tendon 
were 2.5-3.Ocm. Those of the medial part joining the main 
intramuscular tendon averaged 2.5cm., those from the 
miniaponeurotic layer 2 .8cm. and the longest central ones 
were 3.2 (shortest) - 4.2 (longest).
In another series the average lengths were:
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(a
(b
(c
(H
(e
(ir
Ulnar head - 1.5-2.Ocm.
Spiralling palmar part of ulnar head - 2.5cm.
Medic'll (bipennif orni) piart of radial head - 2.0-2.5cm. 
Dorsal, tendon fibres - 2.5-3. Ocm.
Miniaponeurotic uroup - 2.8cm.
Central longest - 3.5-3.8cm.
FIG 14b
DORSAL VIEW OF THE RIGHT DORSAL INTEOSSEUS I WITH THE 
ULNAR PART OF THE RADIAL HEAD REFELECTED OVER THE 
ADJACENT INTRAMUSCULAR TENDON. THE LONGEST CENTRAL 
FIBRES OF THE RADIAL HEAD ARE EXPOSED AND THE RELATIVELY 
SHORTER DORSOLATERAL FIBRES AT THE EXTREME LEFT CAN BE 
SEEN CONVERGING UPON THE FAMILIAR DORSOLATERAL 
TENDON WHICH INSERTION ON THE PERICAPSULAR ZONE OF THE 
FIRST METACARPOPHALANGEAL JOINT. THE MARKER IS POINT­
ING AT THE RADIAL ARTERY r
FIG 14
PALMAR VIEW OF THE RIGHT DORSAL INTEROSSEUS - I 
NOTE THE PALMAR FIBRES OF THE ULNAR HEAD WHICH 
EVENTUALLY SPIRAL DISTALLY ROUND THE DORSAL TENDON 
ORIGINATE ONLY HALF WAY DOWN THE MUSCLE AND ARE 
THEREFORE QUITE SHORT DESPITE THEIR DISTAL EXTENT 
BEYOND THAT OF THE OTHER FIBRES IN THIS MUSCLE.
r
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At all foetal ages of the hands examined there was 
a definitely big difference in bulk between the two heads.• 
The radial head was always found to be much bulkier than 
the ulnar. In no series were the two heads found " even
close to being of equal s.i2e as suggested by Sahdnnen 
et al (1972). This observation takes into account the 
possible effects of any obliquity in the planes of sectioning 
in all these series. Even after a substantial part of the 
radial head had tendinised into the dorsolateral tendon the 
remaining bulk of the radial belly was still somewhat 
larger than the ulnar belly except at the distal palmar 
surfaces where the palmar-ulnar section was much thicker 
than the palmaradial section. This was because the palmar- 
ulnar fibres here persisted to spiral round the main overall 
tendon of the rest of the muscle as the former coursed 
further distally to acquire attachment to the triinsverse 
lamina (Landsmeer 1955, 1976).
In one or two cases the ulnar head did retain a 
slightly larger if not equal bulk at distal levels but 
even this still fell far short of compensating for the 
disparity in size at proximal levels.
Closer examination reveals that at levels distal to 
the commencement of the main intramuscular tendon the muscle 
fibres in the ulnar head tended to assume an oblique 
inclination directed towards the tendon, as they followed 
the pattern demonstrated by microdissection in which they 
attached to the tendon after a short oblique course. The 
muscle fibres in the same head which lay close to the
S e r i a l  S e c t i o n a l  M i c r o a n a t o m y  o f  D o r s a l  I n t e r o s s e u s
FIG. 15 INTERMETACARPAL SPACE I AND II NEAR THE BASE OF
METACARPALS I AND II. THE DOTTED LINE MARKS THE 
PALMAR EXTENT OF DORSAL INTEROSSEUS I . PART OF 
THE NERVE TO THIS MUSCLE OCCUPIES THE 
SEPTUM.
metacarpal shaft and had just left this bone appeared less 
oblique since they attached to the intramuscular tendon at a much 
more distal level. Also the fibres of the palmar-ulnar zone 
persisted in a longitudinal direction until much later' as 
they extended to the most distal level o f  all the other 
fibres of the first dorsal interosseus. The muscle fibres 
in most of the radial head, except the immediate zone 
adjoining the intramuscular tendon, all persisted in a more 
or less longitudinal direction in all sections until at much 
later distal levels when they began to assume the oblique 
inclination towards the various parts of the intramuscular 
tendon within this head.
The nerve to Dorsal Interosseus I was the last muscular 
branch of the deep ulnar nerve in most cases. In other cases 
the branch to the flexor pollicis brevis was the last one, 
when it was present. The branch to Dorsal Interosseus I 
entered it about halfway along to longitudinal length of 
the muscle. It did so in most cases, as stated above by 
following first the intermuscular space between the two 
heads. ( 16 )
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FIG 16b
PALMAR VIEW OF RIGHT DORSAL INTEROSSEUS I 
THE MARKER IS POINTING AT THE NERVE SEEN 
ENTERING THE MUSCLE BETWEEN THE TWO HEADS
I 
—
* 
mm
m
FIG. 17 SERIES 4
INTERMETACARPAL SPACES I AND II. A THIN 
INTERMUSCULAR SEPTUM SPEARATES THE TWO HEADS 
IN BOTH DORSAL INTEROSSEI I AND II. THE 
NERVE TO DORSAL INTEROSSEUS II IS SEEN OCCUPYING 
THE VOLAR ASPECT OF THIS SEPTUM("*) IN DORSAL 
INTEROSSEUS I THE NERVE IS LOCATED IN THE VOLAR 
PART OF THE SEPTUM WHEREAS IN THE DORSAL PART, 
PART OF THE BEGINNING OF THE INTRAMUSCULAR 
TENDON CAN BE SEEN TOO (ARROW).
\The pattern of extrafusal fibre organisation in this 
muscle was much simpler than that in Dorsal Interosseus I.  ^
Virtually all the fibres from both heads attached to the 
common intramuscular tendon which formed in between the two 
heads and the arrangement here was closer to the classical 
bipennate picture (Fig.18 and 19)* The radial head fibres 
however were all uniformly short and originated from the 
dorsomedial aspect of the whole length of the second 
metacarpal leaving only the condyle at the distal end of 
this bone. In comparison the ulnar head fibres which 
monopolised the whole lateral aspect of the third metacarpal 
were much longer, especially in the proximal two thirds of 
the muscle. Even the shorter distal third fibres in this head 
were slightly longer than the adjacent radial head fibres and 
the last ones of the former head originated slightly more prox- 
imally than the last ones of the radial head. The fibre lengths 
of the dorsal aspect of Dorsal Interosseus II we,nz therefore 
the reverse of that of Dorsal Interosseus I.
On the palmar aspect (Fig. 19 ) palmar portion of
the ulnar head predominated almost exclusively as the presence 
of Palmar Interosseus I precluded the extension of the radial 
head over this palmar aspect of the intermetacarpal space. 
Proximally this part extended across even to the neighbouring 
third intermetacarpal space (Fig. 21 )• The length of the 
muscle fibres in this palmar portion of the ulnar head was 
found to be about the same as that seen in the dorsal portion.
In all the Dorsal Interossei II examined by microdissection 
this pattern was consistent and the ulnar head was found to be
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A ( i i i )  D o r s a l  I n t e r o s s e u s  I I  ( M i c r o d i s s e c t i o n )
DORSAL VIEW OF RIGHT DORSAL INTEROSSEUS II. NOTE 
THE LARGE PERFORATING ARTERY AND THE STUMP OF THE 
DORSAL METACARPAL ARTERY. THE FIBRES OF THE 
DISTAL THIRD OF THE ULNAR HEAD ARE ABOUT AS SHORT 
AS THOSE OF THE RADIAL HEAD. EVEN THE SHORTER 
DISTAL FIBRES OF THE ULNAR HEAD ARE STILL LONGER 
THAN MOST FIBRES OF THE RADIAL HEAD.
FIG 19
PALMAR VIEW OF THE SAME DORSAL INTEROSSEUS II 
MUSCLE . THE PALMAR CUT END OF THE PERFORATING 
ARTERY IS SEEN AGAINST THE MARKER. THE PALE 
FIBROUS STRUCTURE ON THE PALMAR SURFACE OF THE 
RADIAL HEAD IS THE PERIOSTEUM PEELED OFF 
METACARPAL II.
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much bulkier to an extent that the intramuscular tendon, 
especially on the dorsal parts was pushed more towards the 
radial side of the intermetacarpal space than to the ulnar.
At no level, however, did Palmar Interosseus I extend 
through to the dorsal surface of this intermetacarpal space 
as suggested by some of the diagrams by Landsmeer (1976) 
since there was always a substantial thickness of the radial 
head dorsal to the palmar interosseus muscle.
The insertion tendon of Dorsal Interosseus II however 
was found to have a similar structure to that described by 
Landsmeer (1955, 1976). Thus the dorsal part of this 
insertion tendon, which seemed to derive most of its fibres 
from predominantly the ulnar head, attached to the base of the 
third proximal phalanx. The wing part of the extensor aponeurosis 
received fibres from both heads and there was a small overlap, 
in some series, of fibres from both heads to both parts of the 
insertion tendon.
Serial Sectional Microanatomy of Dorsal Interosseus II
At the most proximal parts of the muscle the fibres from 
the bases of Metacarpals II and III were separated into 
their respective heads as expected by the perforating artery 
(Fig.20 ). The subsequent intramuscular septum between the 
two heads persisted only to be occupied shortly after by the 
nerve to this muscle as it entered towards the middle, and the 
eventual main intramuscular tendon occupied this same plane 
(Fig. 2*1 ). The two heads were therefore well demarcated at 
all levels by these structures. The demarcation between the 
radial head and Palmar Interosseus I was, however, not very clear
FIG. 20 SERIES 4.
INTERMETACARPAL SPACES II, III AND IV. 
THE PERFORATING ARTERY THROUGH THE 
ORIGIN OF DORSAL INTEROSSEUS II CAN BE 
SEEN.(—>)
M2-4 REFER TO THE RESPECTIVE METACARPALS.
especially in the proximal zones. This lack o:f distinction 
was even more so in younger foetal hands. Palmar Interosseus I 
also extended further dorsally than the other two so that the 
relatively indistinct demarcation was an additional factor which 
posed some difficulty in allocating structures like spindles 
and extrafusal fascicles to the appropriate muscles during 
charting. Distally some demarcation emerged as the distal 
fibres converged towards their respective tendons and one 
was able to see clearly how limited the radial head was by the 
palmar interosseus such that the former occupied only a small 
thickness in the dorsal aspect.
The fibres of the ulnar head maintained a fairly longitudinal 
course in the sections until the distal levels were reached where 
whorling was seen to develop among the dorsal fibres. This 
was found to correspond to the transition from the longer less 
oblique proximal fibres to the distal third fibres which ran 
the shorter more oblique course while dipping in sharply 
ventrally too to attach to the palmar parts of the intramuscular 
tendon. See Fig. 9 There were minor variations in the 
degree of whorling seen in the various series which were 
explainable by the differences in obliquity of the plane of 
section of these series.
At the very distal end of the muscle, the focus of 
interest was upon the distribution of the muscle fibres from 
the two heads to the various bands of the insertion tendon.
The fascicular arrangement of this tendon itself was found 
to be very closely similar to that described by Landsmeer (1976). 
The only notable point here was that this pattern seemed to 
undergo further changes with foetal growth because in the
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FIG.21 SERIES 4.
INTERMETACARPAL SPACE II AND III THE TWO 
HEADS OF DORSAL INTEROSSEUS III MEET, ALMOST 
OBLITERATING THE INTRAMUSCULAR SEPTUM,
BEFORE THE INTRAMUSCULAR TENDON BEGINS TO 
FORM WITHIN THE SAME PLANE AS IN FIGS.
AND 25 THE DOTTED LINE MARKS THE 24
INTERMUSCULAR SEPTUM BETWEEN THE PALMAR 
AND DORSAL INTEROSSEI MUSCLES IN THIS INTER­
METACARPAL SPACE.
younger foetal hands aged between 16 and 18 weeks, these 
fascicles were found not to be as well demarcated into 
distinct dorsal, intermediate and palmar tendons 
according to Landsmeer's descriptions. Instead they formed 
a single compact structure between the ulnar and radial 
head of Dorsal Interosseus II and the eventual distal 
division into wing and phalangeal bands occurred merely 
by progressive delamination and incorporation of the dorsal 
parts of the tendon into the juxtametacarpal phalangeal core, 
the rest of the tendon being demarcated out by the transverse 
lamina and eventually ending in the wing part of the extensor 
aponeuros is.
The majority of muscle fibres from the radial head and 
the palmar section of the ulnar head attached to the wing 
band of the insertion tendon. A few proximal fibres which 
formed less than one quarter of the radial head were seen to 
join the phalangeal band. These came particularly from the 
superficial dorsal parts of the radial head. The whole of 
the dorsal part of the ulnar head lying opposite the thicker 
dorsal fascicle of the intramuscular tendon was seen to send 
its fibres to the phalangeal band of the insertion tendon.
A few fibres of the proximodorsal zone of the radial head 
mentioned above also joined this tendon fascicle. Soon, 
however, no more fibres from the radial head crossed the 
thin plane formed between it and the latter part of the 
intramuscular tendon, all the fibres from here onwards 
attaching deeply to.the palmar section of the tendon, 
i.e. the band destined to the wing. Further distally there 
were some fibres from the radial head which attached directly
5 1
on to the dorsomedial aspect of the transverse lamina as 
it sank towards the volar plate.
5 2
This muscle was probably the simplest of all dorsal 
interossei in that all its fibres joined the intramuscular 
tendon in a much more regular pattern than seen in the other 
dorsal interossei. Eventually too,.all the insertion tendon 
bands formed from this pattern ended in the wing portion of 
the extensor apparatus.
One .remarkable feature about the fibre organisation in 
it which may have functional bearings was that dorsally the 
ulnar head, whose origin shared the same fourth metacarpal 
shaft as Palmar Interosseus II, appeared to be bulkier and, 
looked at in situ (Fig. 22 ) appeared to have longer
fibres than the dorsal part of the radial head. (Compare with 
Dorsal Interossei I and II). On spreading out the third 
intermetacarpal space and later on after full microdissection 
of this muscle it was found that the contiguous fibres 
from the two heads were roughly equal in length, the proximal 
ones being longer than the distal ones in both heads. There 
was therefore a considerable length of the radial head fibres 
concealed in the in situ position as these fibres sank ventrally 
towards the intramuscular septum. In one series most of the 
distal fibres averaged 1.7cm. in length whereas the proximal 
ones averaged 1.9cm. long.
On the palmar aspect of Dorsal Interosseus H i  the ulnar 
belly was totally occluded by the presence of the second 
palmar interosseus muscle. The radial head therefore 
predominated here but wavs also in turn limited somewhat by 
the extension of the palmar part of Dorsal Interosseus II.
The palmar part of Dorsal. Interosseus III was therefore much 
smaller than its counterparts in other dorsal interossei,
5 3
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FIG 2 2
RIGHT DORSAL INTEROSSEI'S III IN SITU. THE 
ULNAR HEAD IS BULKIER ON THE DORSAL ASPECT.
THE RADIAL HEAD FIBRES SINK VERTICALLY TOWARDS 
THE INTRAMUSCULAR TENDON.
including Dorsal Interosseus IV. The length of the muscle 
fibres in this part-was found to correspond well with that 
of the adjacent dorsal parts, diminishing distally too as in 
the case of the latter. (Fig. 23 ).
The intramuscular tendon was a well-formed structure 
receiving fibres progressively from both heads at all 
levels and was much more compact with less tendency to 
dehiscence, even at distal levels, than seen in other dorsal 
interossei. The core of this tendon remained more or less 
central throughout but the dorsal fringes were curved in the 
radial direction such that on the dorsal surface the 
tendon edge was closer to Metacarpal III than IV and the 
ulnar head thus appeared bigger than the radial one dorsally. 
The distal radial head fibres clearly attached to the distal 
radial palmar surface of the tendon while in the ulnar head 
the distal fibres were tucked in towards the tendon by the 
second palmar interosseus, which at these levels extended 
dorsally almost to the same level as the dorsal interosseus, 
(Compare with Palmar Interosseus I). The distal ulnar head 
fibres however skirted the intramuscular tendon for some 
distance and ran longitudinally in parallel with the tendon 
(Fig. 2p) before they attached to the transverse
lamina directly. The main (previously intramuscular) tendon was 
also fused to the medial side of the transverse lamina at this 
stage and eventually joined the wing of the extensor apparatus 
of the third digit. In this aspect Dorsal Interossei III 
was found to be the only truly bipennate interosseus with 
a single central tendon stem which drew in muscle fibres 
on both sides in classical feathervane pattern.
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FIG 23
PALMAR VIEW OF THE SAME MUSCLE. NOTE THE 
DISTINCT TUCKED-IN DISTAL ULNAR HEAD FIBRES 
' WHICH COURSE MORE OR LESS LONGITUDINALLY INSTEAD 
OF OBLIQUELY. SEE ALSO FIG. 22.
THE BIPENNIFORM PATTERN OF THE FIBRES IS FAIRLY 
WELL DEMONSTRATED VOLARLY AS WELL. COMPARE WITH 
OTHER INTERSSEI.
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Serial;Sectional Microanatomy of Dorsal Interosseus III 
The findings here 'corresponded well with the micro­
dissection results. After the wider separation of the two 
heads at the proximal end by the perforating artery here 
too the fibres converged on t lie intramuscular tendon
which dorsally curved towards the third metacarpal, thus 
providing more area dorsally for the ulnar head than the 
radial. As mentioned before this end of the intramuscular 
plane coincided quite often with the position of the dorsal 
metacarpal artery as probably was to be expected of this 
artery which lay in the loose dorsal fascia of the hand in the 
deep groove formed between the two heads of the muscle 
(Figs. 24 and 25)*
The palmar part of Dorsal Interosseus III tapered on both 
sides, being limited on radial side as well by the medial 
palmar aspect of the third metacarpal.
In all the series the nerve to the muscle entered from 
the palmar surface through the intramuscular septum or 
plane between the two heads. The site of entry was always 
in the proximal half of the muscle and in all cases the 
branch was separate from that of the neighbouring Palmar 
Interosseus II. This muscle limited the ulnar head to the 
dorsal region of the intermetacarpal space except in Series 3 
where an extension of the ulnar head reached ventrally across 
the full width of the metacarpal space. In other series 
(Fig. 23 ) intramuscular septum and subsequent tendon
more or less broke to the surface of this muscle on the 
ulnar side of the muscle halfway across the width of the 
same space. In Series 3 the septum extended between the palmar
FIG. 24 SERIES 4.
DORSAL INTEROSSEUS III. THE DARKER AREAS 
IN THE MIDDLE ARE THE BEGINNINGS OF THE 
FORMATION OF THE INTRAMUSCULAR TENDON.
NOTE THE POSITION OF THE METACARPAL ARTERY. 
AT THE DORSAL END. fjOTE ALSO THE TAPERING 
PALMAR PORTION OF THE MUSCLE BEING LIMITED 
ON THE RADIAL SIDE BY THE PALMAR EXTENSION 
OF DORSAL INTEROSSEUS II (ARROW).
FIG. 25 SERIES 4.
MAGNIFICATION OF THE DORSAL INTEROSSEUS III 
SEEN IN FIG. 24
extensions of the two heads and the nerve and tendon were 
subsequently to be seen in the same plane in keeping with 
the typical sequence found in other series where all these 
structures closely demarcated the boundary between the two 
heads. In Series 1, 5 and 6 where the tendon fascicular 
arrangement was more prominent, it could be seen that the main 
dorsal part of the intramuscular tendon drew fibres from 
both dorsal portions of the muscle. The only exceptions were 
the distal fibres of the ulnar head which maintained a 
longitudinal course separated by a narrow space from the main 
intramuscular tendon, and which appeared to spread out bit 
by bit into the ulnar aspect of the approaching transverse 
lamina. The palmar radial fibres attached to the palmaradial 
part of the intramuscular tendon at all levels. This part of 
the tendon was late to form proximodistally though, and 
existed mostly in the distal half of the muscle at the end 
of which it persisted on its own for a distance after the 
initial dorsal part of this intramuscular tendon had 
delaminated into the transverse lamina. As seen in micro- 
dissection before, all parts of the tendon eventually ended 
in the transverse lamina and the ensuing wing of the extensor 
apparatus. There was no tendon insertion to the base of the 
proximal phalanx.
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Looked at both in situ and after spreading out the 
fibres by microdissection, the two heads of Dorsal 
Interosseus IV were found to be roughly equal in bulk 
dorsally. There was, however, a noticeable difference’in 
fibre length and direction in the two heads. Thus the 
dorsal radial head fibres were shorter than those of the 
ulnar head. In the series shown in Figs. 9'and 26 > the
respective lengths of the dorsal fibres werel.6-0 .lcm. and
J ,2.0-0.lcm. Only at the very proximal end were the few dorsal 
fibres straddling the perforating artery closer to being equal 
in length. Directionwise, the ulnar head fibres followed a less 
oblique course from the metacarpal origin to their attachment 
on the intramuscular tendon. They also kept more or less the 
same plane as compared to the radial head fibres which, in 
their shorter and more oblique course, tended to spiral or 
curve in a dorsoventral position (Fig. 26 )• The dorsal
fibres of the ulnar head also persisted further distally 
than the radial head ones.
On the palmar aspect the ulnar head was represented by 
only a small narrow bundle of fibres due to the presence of 
the third palmar interosseus. This narrow band began 
halfway down the muscle from a tendinous band which ran 
in the proximal half between the third palmar interosseus and the 
palmar part of the radial head. As in the case of other dorsa.l 
interossei, this palmar part of the (radial) head predominated 
in this aspect. Remarkably too the fibres in it were 
uniformly long (2 .3cm-2.5cm) - in fact the longest of all in 
the muscle. (Fig. 26 ) To achieve this length all-of them
originated from the proximal parts of the ulnar side of the
A ( v ) D o r s a l  I n t e r o s s e u s  I V :  M i c r o d i s s e c t i o n
FIG 26
THE PALMAR VIEW OF THE SAME MUSCLE AS IN THE 
PRECEDING FIGURE. ARROW = THE NARROW PALMAR 
PART OF THE ULNAR HEAD.
shaft of the fourth metacarpal and extended almost the 
whole length of the muscle to attach at very distal levels 
of the intramuscular tendon. Their origin on metacarpal IV 
also ended much earlier than in the case of the ulnar head 
fibres thus providing the most distal of these radial palmar 
fibres with considerable distance to their insertion.
The intramuscular tendon had a dorsal proximal part 
which drew most of its fibres from the dorsoradial part of 
the muscle. The ulnar head fibres, in their less oblique 
course, skirted this part of the tendon except for a few 
proximodistal fibres. Most of the fibres in this latter 
head therefore attached at further distal levels and not to 
the dorsal part of the tendon but to the palmar part which 
had developed mostly in the distal half of the muscle, and 
which drew virtually all the palmar fibres of the radial head. 
These latter fibres especially in the distal parts seemed 
to spiral somewhat from their lateral attachment on the fourth 
metacarpal shaft to the intramuscular tendon which lay in a 
more or less dorsoventral plane, and which they eventually 
approached from a ventral direction instead of a lateral one. 
This pattern can be seen in Fig 26 . The adjacent distal
ulnar head fibres appeared rather reluctant at first to join 
this palmar tendon and maintained a longitudinal parallel course 
almost to the juxtacapsular level where, as in the case of the 
ulnar head of Dorsal Interosseus III, some of them spread out 
bit by bit and joined the transverse lamina while the rest 
eventually joined the palmar part of the insertion tendon to 
the wing of the extensor assembly.
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The pattern of muscle fibre arrangement in this muscle 
was also found to be much in agreement with the scheme for 
dorsal interossei'in general. The two heads maintained 
a distinguishable identity throughout the length of the muscle 
in most series, the usual landmarks formed by the intramuscular 
tendon and/or septum and nerve following the same pattern as 
described for the preceding dorsal interossei. As a result of 
this the intramuscular tendon commonly extended to the ulnar 
surface of the muscle halfway across the dorsoventral depth . 
of the latter. The notable deviations from the common pattern, 
which were almost unique to this muscle, were the arrangements 
seen in the distal parts of some series (Fig 2o
In these cases the whorling as described by Landsmeer (1976) 
seen-in the palmar radial zone of the muscle extended to the 
ventral surface of this part and the fibres therefrom whorled 
round the palmar tip of the intramuscular tendon to occupy 
the ulnar side of this tendon, thus almost appearing to be part 
of the ulnar head. This pattern occurred in muscles where the 
ncirrow palmar part of the ulnar head was very diminutive or 
non-existent. This whorling seen in the serial sections 
corresponded with the spiralling especially of the palmar 
radial fibres described in microdissection of the adult hands.
To a great extent, the arrangement provided more room for the 
ulnar head fibres in the dorsal areas at the expense of the 
dorsoradial fibres and at the same time providing more room . 
too for the palmar fibres of the radial head in the palmar 
zone, while ensuring attachment of the latter to the palmar 
part of the intramuscular tendon.
S e r i a l  S e c t i o n a l  M i c r o a n a t o m y  o f  D o r s a l  I n t e r o s s e u s  TV
FIG. 27 SERIES 4. INTRAMUSCLULAR TENDON FORMATION
BEGINNING WITHIN DORSAL INTEROSSEI III AND 
IV. THE DORSAL METACARPAL ARTERY IN THE 
THIRD INTERMETACARPAL SPACE STILL CORRESPONDS 
WELL WITHIN THE DORSAL END OF THE INTRA­
MUSCULAR TENDON IN DORSAL INTEROSSEUS III.
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In the dorsal part of the radial head a lesser degree 
of similar whorling was seen which was directed both 
ventrally and medially towards the dorsal part of the intra­
muscular tendon. It seemed to correspond with the curving/ 
swirling pattern seen in the dorsor£vdial fibres in situ 
(Fig. 9 ) as they sank in to attach to the underlying dorsal
part of the tendon..
In the series from the foetus aged below eighteen weeks 
the tendon appeared compact at all stages except very distally 
where only the thick dorsal end was separated away from the 
rest by a thin membranous lining. (Fig. 28 ) which persisted 
even further distally. At this further distal
level it branched to demarcate an additional tendon fascicle on 
the ulnar side of the previous dorsal part. This ulnar 
fascicle persisted too distally and received most of the fibres 
from the ulnar head. The main dorsal part of the tendon 
lying on the radial side ended in the juxtacapsular phalangeal 
tendon core which attached eventually to the base of the fifth 
proximal phalanx. Most of its fibres came from the dorsal part 
of the radial head and a few from the superficial proximal part 
of the ulnar head. The rest of the ulnar head fibres were seen 
to maintain their longitudinal course at all proximal levels 
up to the formation of the ulnar segment of the dorsal part of 
•the tendon as seen in Fig. 28 This occurred at a very distal 
level since as will be seen in the same figure the third 
palmar interosseus at this stage has been reduced to the 
insertion tendon only. Together with the radiopalmar fibres, 
which all inserted on the remaining palmar portion of the 
tendon, the ulnar head fibres ended in the transverse lamina 
£vnd wing tendon of the extensor apparatus.
A(vi) Pa Inna r Interossei: M icrodissect ion and Serial 
Sec t i on a1 Mlc roanatomy.
90 Palmar interossei were dealt with in the study 
and all these were investigated to one extent or another 
by gross dissection; 20 each of Palmar Interossei I, II 
and III were examined more closely by microdissection for 
internal extrafusal and tendon fascicular structure as 
well as for any minor variations to the previously 
described distal attachments. 24 foetal palmar interossei 
were studied by serial section, including 8 each of 
Palmar Interossei I and II and 7 Palmar Interosseus III 
muscles. The slip of muscle on the medial side of the 
first metacarpal which has sometimes been referred to as 
Palmar Interosseus I by some anatomists (Wood Jones, 1919) 
was treated as part of the adductor pollicis oblique head.
In all series investigated this slip of muscle merged 
inseparably with the adjacent fibres of the adductor and 
it was very difficult to separate them fully without 
creating an overlap of fibres from between the two muscles.
All pal mar interossei. were found to be fusiform in 
structure rzither than unipennate, with their tendons 
forming and persisting in the centre of the muscles (Fig. j6 ) 
rather thzvn at one periphery as seen say in the flexor 
hallucis .l.ongus in the lower limb. All three palmar 
interossei were of roughly the same size and all originated, 
as expected, from the side of only one of the two adjacent' 
metacarpals. Palmar Interosseus I attachment to the 
second metacarpal was found to extend further round the 
shaft dors omedi a.'l J y than the other two which were moire
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limited dorsally and only reached about half the depth 
of the intermetacarpal spaces (Figs. 21 and 27 ).
Further distally the intramuscular tendons appeared 
on tie surface of the muscle at about the levels of the beck 
of the metacarpals. They did so in varying patterns. In 
Palmar Interosseus I the tendon lay horizontally in the 
middle of the muscle with fibres on both ventral and 
dorsal surfaces. In Palmar Interossei II and III the tendon 
occupied the ulnar dorsal quadrant with the residual distal 
muscle fibres lying in the ventral and radial quadrants.
In one series Palmar Interosseus III had its tendon 
breaking out to the surface of the muscle distally in the 
radial half of the muscle and with distal muscle fibres 
occupying the ulnar half.
These muscle fibres which persisted to these most 
distal levels were also found to be the longest in each 
muscle. Fibre length variation in Palmar Interossei as a 
whole was not as remarkable as in their dorsal counterparts.
All palmar interossei insertion tendons joined the 
corresponding wing assembly of the extensor apparatus.
The outstanding microdissection features of this 
group of muscles were the complexity and intriguing 
patterns of intramuscular tendon fascicles and the 
inconstancy of the muscle belly commonly referred to 
as Flexor digiti quinti (brevis). In some series 
(See Table q ) the latter muscle was completely absent.
In others a small muscle belly was found originating in 
common with the opponens digiti quinti (Fig. 37 ) and
inserting beyond the metacarpophalangeal joint by a long 
slender tendon almost reminiscent of the palmaris longus.
In UOS Series 16 a similar but thicker additional belly 
of the abductor digiti quinti could be seen originating 
in common with the opponens of the little finger from 
the region overlying the pisohammate ligament i.e. at levels 
proximal to the hammulus proper. In the 30 hands from both 
the Guy’s Hospital and UOS Series studied by microdissection, 
the muscle belly corresponding to the hitherto described 
attachments of the flexor digiti quinti was found in 
varying sizes in twenty hands and it was completely absent 
in 10 hands, i.e. in one out of every three hands.
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One notable finding about this muscle was the 
variation in the pattern of attachment proximally, both 
to the pisiform bone and the tendon of the flexor carpi 
ulnaris. In some hands all the fibres of the superficial 
part of this muscle attached to the tendon of the flexor 
carpi ulnaris over the pisiform in a pattern quite analogous 
to the attachment of the quadriceps tendon to the pattela, 
with some fibres "overlyingM the bone to attach to the tendon 
on the other side - in this latter case the flexor carpi 
ulnaris tendon as compared to the pattelar tendon. As a 
result, although most of these abductor digiti quinti 
fibres were tethered to the underlying pisiform, a sizeable 
bundle remained free especially on the ulnar border of the 
muscle and tendon (Fig.30 ). With fixation of the pisiform
bone, one still could, by pulling on this group of fibres, 
move the flexor carpi ulnaris tendon up and down a distance 
of up to half a centimetre. Fig.30 also shows how close 
to the pisiform the most distal fibres of the flexor carpi 
ulnaris attach, especially on the same side as the free 
band of abductor tendon mentioned, and by pulling on these 
fibres the corresponding fibres of the abductor digiti 
quinti would stretch by about the same length of half a 
centimetre.
On the superficial palmaradial side another bundle 
of muscle fibres was found in some hands to extend within 
the subfascial tissues of the forearm to levels above the 
wrist. Their attachment here was to the surrounding 
fascial and subfascial tissues, and from here they extended
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almost the whole proximodistal length of the abductor 
muscle (Fig. 30 ) Most of them attached distally
to one of the smaller bands of tendon adjacent to the 
thick main dorsoradial one.
Obviouslythese were the longest muscle fibres in 
the abductor digiti quinti. The next longest were 
the adjacent group of fibres in the same palmar radial 
zone. They originated from the flexor carpi ulnaris 
tendon and the nearby edges of the flexor retinaculum, 
and inserted into the wing part of the extensor apparatus. 
At the very lateral edge of this bundle were fibres whose 
proximal ends formed a tendon of origin of considerable 
length (Figs. 29 S&cl ^  ) and hence reduced their
length quite considerably. This belly which had a
fusiform shape inserted to the phalangeal base and in 
Fig. can be seen to form a tendon quite early before
insertion.
The abductor digiti quinti thus had an oblique 
proximal end (Fig. 29 ) ulnar fibres
starting most distal and the radial ones most proximal.
On the dorsal aspect a conspicuous dorsoradial 
tendon predominates distally (Figs. 3  ^ , and 32 )
It is thick and free from the adjacent fascicles and is
derived from a triangular muscle belly arising deeply from
around the pisiform bone. It has therefore the shortest 
fibres of all and the tendon is the first to approach the 
metacarpophalangeal joint capsule and.join to the 
phalangeal core to the base of the fifth proximal phalanx. 
Fig. 31 shows the several separate adjacent tendon bands(-£)
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surrounding it on the mediopalmar aspect. The most 
lateral one as will be seen from Fig. 30 derives its 
fibres from the lateral edge of the muscle at its 
origin; the others draw muscle fibres from the 
intermediate planes around the pisiform bone between 
the parent belly of the thick dorsoradial tendon 
mentioned above and the long superficial palmar fibres.
These intermediate plane fibres are therefore also 
shorter than the others because their tendons too form 
quite early before insertion.. They all attach to the 
phalangeal base, clinging closely to the metacarpophalangeal 
joint capsule in their way. Although proximally these 
different tendon bands destined to the phalangeal base 
ran separately, at joint capsule level they seemed to 
become indistinct within a compact fibrous tendon core 
which they formed. Only the much thicker dorsoradial 
tendon could be marked out within this core.
Serial Sectional Microanatomy
The noteworthy features in the serial sections of 
the abductor digiti quinti muscle were the same as those 
seen in the microdissection part. The additional 
revelations from the sections were the numerous dispersed 
tendons within virtually all the cross section of the 
muscle which began quite early proximally before the 
conspicuous surface tendonswere formed as mentioned in the 
preceding account on microdissection findings.
Fig. 33 shows some of these tendon bands at midhand 
level. They derive mostly from the central and radial 
aspects of the muscle. These later on distally condensed
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to form multiple separate tendon bands unlike anything 
else seen in the other intrinsic muscles. The band 
corresponding to the dorsoradial one seen in micro­
dissection forms on the lateral border of the muscle 
and was the first to be incorporated into the juxtacapsular 
phalangeal tendon core (Fig. 34- ). The others remained
separate on the mediopalmar surface of the renniform shape 
which the abductor assumes at these distal levels. They 
also .delaminated progressively into the transverse lamina 
which at first runs between them and the main dorsolateral, 
tendon (Fig, 34. ) Eventually most of them acquire .attach­
ment via this transverse lamina to the base of the fifth 
proximal phalanx. The last part of the abductor to gain 
attachment distally is the most palmar and medial one 
(Fig. 33 ). This part corresponds to the one seen in
nii'crodissection to contain some of the longest fibres in 
the muscle. They insert into the wing part of the extensor 
apparatus.
The abductor digiti quinti thus had a multifasciculate 
tendon component dispersed within the whole cross-section 
of its belly and which condensed distally into one thick 
prominent dorsoradial tendon at the dorsoradial surface 
of the muscle and which drew in fibres from the surrounding 
dorsal and especially radial surfaces of the muscle; and 
also into several other bands which joined the transverse 
lamina one by one and gained attachment to the phalangeal 
base. The wing tendon was derived from a smallish medio­
palmar area of the muscle.
The nerve to the abductor digiti quinti enters the 
muscle from the radial side quite early at its origin*
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This branch of the deep ulnar nerve separates 
from the parent nerve at distal carpal levels and at the 
level of the hammulus has begun to distribute within the 
muscle, one branch entering the superficial palmaradial 
belly and the other entering the central and dorsoradial 
zones of the muscle.
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In all hands a superficial palmar multifasciculate 
tendon system predominated.
The muscle fibres of this superficial part of the 
opponens digiti quinti/were all short and either began 
or ended by tendon bands running across about half the 
proximodistal length of the muscle (Figs. 38 and 37 )•
In Fig. 36 three of these bands occupy the proximal parts
of the muscle, two attached around the hook of the hamate 
bone and the third originating from the.distal border of 
the flexor retinaculum. They each then fanned out 
distally into a triangular muscle belly with the base 
attached to the shaft of the fifth metacarpal. Some of 
the muscle fibres at the edge of these bellies joined 
tendons formed by the muscle fibres in the intervening 
parts between the proximal tendons. The end result was a 
form of a multipennate pattern not seen in any of the 
other intrinsic muscles.
In Fig. 37 ( UOS 17) this superficial palmar tendon
pattern is closely similar except in this case there are 
only two instead of three tendon bands beginning from the 
proximal end, one from around the hamate region and the other 
from the distal medial edges of the flexor retinaculum.
At the distal end most of these superficial muscle fibres 
are seen to attach directly to the periosteum of the 
metacarpal shaft except for the small slip which occupies 
the interval between the two proximal tendon bands. The 
muscle fibres of this slip attach to the metacarpal via 
a narrow relatively inconspicuous tendon band which can 
just be distinguished in the photograph.
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The thickness of these superficial tendon bands and 
their parent muscle bellies varied in different muscles.
In UOS 16 (Fig. 36 ) it is greater than in UOS 17 
where the bands appear much flatter instead. Thus the 
deeper more dorsal parts of the muscle were relatively 
tendon free and the muscle fibres therein were found to 
attach directly to the metacarpal shaft after the oblique 
more or less parallel course from the proximal attachments. 
The most proximal fibres therefore attached to the more 
proximal parts of the fifth metacarpal shaft and those 
originating further distally were the ones attached to 
the distal half and extremes of the metacarpal - up to 
the fifth metacarpophalangeal joint. These deep fibres 
were also therefore confined to the most medial surface 
of the shaft as compared to the superficial fibres which 
tended to attach on the palmar surface of the shaft and 
did encroach slightly towards the lateropalmar aspect of 
this metacarpal.
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FIG. 28 DORSAL INTEROSSEUS IV. SERIES 6 AT THE 
LEVEL OF THE NECK OF THE FIFTH METACARPAL.
FIG.29 ULNAR VIEW OF THE RIGHT ABDUCTOR DIGITI QUINTI.
PALMAR FIBRES ARE LONGER THAN THE DORSAL ONES.
THE
F I G  30
PALMAR VIEW OF THE SAME MUSCLE AS IN PRECEEDING FIG.29 
NOTICE THE ATTACHMENT TO THE TENDON OF THE FLEXOR CARPI 
ULMANIS AND ALSO THE LONG FIBRES WHICH ORIGINATE IN THE 
SUBFASCIAL TISSUES OF THE DISTAL PART OF THE FOREARM WELL 
ABOVE THE FLEXOR RETINACULUM.
THE MARKER IS STUCK INTO THE FLEXOR DIGITI V 
BELLY.
ABDUCTOR DIGITI MINIMI - RADIAL VIEW - TO SHOW 
STRONG DOSORADIAL TENDON AND THE PARENT MUSCLE 
THE DISTAL STAGES OF THIS TENDON CAN BE EASILY 
AWAY FROM THE UNDERLYING PARTS OF THE MUSCLE.
THE THICK 
BELLY. AT 
LIFTED
RADIAL VIEW OF ANOTHER ABDUCTOR DIGITI MINIMI MUSCLE. THE 
LEFT MARKER IS POINTING TO THE PERIOSTEUM OF THE PISIFORM 
BONE FROM WHICH MOST OF THE FIBRES WHICH JOIN THE 
DORSORADIAL TENDON (RIGHT MARKER) ORIGINATE. THE MIDDLE 
MARKER IS ON THE TENDINOUS ORIGIN OF THE SHORT DORSOULNAR 
FIBRES.
FIG. 3 3 SERIES 4 HYPOTHENAR MUSCLES AT MIDHAND 
LEVEL. THE NUMEROUS DARK SPOTS WITHIN 
BOTH THE ABDUCTOR AND OPPONENS MUSCLES 
REPRESENT TENDON FASCICLES DISPERSED 
WITHIN THE MUSCLES AT THESE LEVELS .(->)
THE DORSORADIAL TENDON IS JUST BEGINNING 
TO FORM AT THE BOTTOM LATERAL CORNER AND 
MIDDLE OF THE ABDUCTOR DIGITI QUINTI.(-»)
SERIES 4. AGE 16 WEEKS. INTERMETACARPAL 
SPACE IV. ONLY THE PALMAR PART OF DORSAL 
INTEROSSEUS IV REMAINS. THE DORSORADIAL 
PART OF THE TENDON IS MOVING TOWARDS THE 
PERI CAPSULAR REGION. H H
THE OPPONENS DIGITI MINIMI HAS ALL ATTACHED 
TO THE SHAFT OF THE FIFTH METACARPAL AND 
THERE IS NO SUGGESTION OF A FLEXOR DIGITI 
MINIMI WITHIN THIS SERIES.
FIG.35 SERIES 4 AGE 16 WEEKS
INTERMETACARPAL SPACE IV. ONLY THE 
'PALMAR PART OF DORSAL INTEROSSEUS IV 
REMAINS. THE DORSOLATERAL PART OF THE 
TENDON IS MOVING TOWARDS THE PERICAPSULAR 
REGION OF THE FOURTH METACARPOPHALANGEAL 
JOINT.
FIG 36
THE PALMAR VIEW OF THE OPPONENS DIGITI MINIMI OF A RIGHT 
HAND. THE COMPLEX TENDINOUS ORIGIN AND INSERTION PATTERN 
IS EVIDENT. THE SMALL BELLY REFLECTED OUT TO THE LEFT 
NORMALLY JOINS THE ABDUCTOR DIGITI MINIMI INSERTION VIA 
A SLENDER LONG TENDON. THE PROBE HANDLE SEEN IN THE 
PHOTOGRAPH REPRESENTS THE POSITION OF THE FIFTH METACARPAL.
FIG 37
THE PALMAR VIEW OF OPPONENS DIGITI MINIMI. THE TWO 
MAJOR TENDONS ON THE SUPERFICIAL PART CAN BE SEEN 
ATTACHING BY SHORT DIVERGENT FIBRES ONTO THE PERI- 
TOEUM OF THE SHAFT OF THE FIFTH METACARPAL. THERE 
IS NO MUSCLE BUNDLE HERE CORRESPONDING TO THE FLEXOR 
DIGITI V - ALL THE DISTAL FIBRES ATTACH
BELOW METACARPOPHALANGEAL JOINT LEVEL.
Although the attachments, extents and nomenclature 
of the thenar musculature are clearly defined for the 
abductor pollicis brevis and opponens pollicis, there 
was some degree of uncertainty about these factors for the 
flexor pollicis brevis and the adductor pollicis. In the 
former muscle the superficial head abutting the opponens 
posed no problems in separation by microdissection. Although 
some of its fibres were found distally to be bound very 
intimately together with the adjacent fibres of the opponens, 
the directions of the fibres of the two muscles remained 
fairly distinct for most of the proximal parts and the 
intermuscular plane thus created was helpful in separating 
the two muscles up to the most distal levels. Further 
distal separation beyond this point of mergence of the two 
muscles was possible by merely gently pulling them apart.
They separated thus very closely within their true limits 
as could be counterchecked by serial sections of foetal hands.
The deep head of the flexor pollicis brevis was not as 
easily detachable from the nearby adductor muscle. In about 
half the cases the flexor pollicis brevis fused totally with 
the adjacent parts of the adductor. The thin intermuscular 
septum that was observed by Landsmeer(1976) to run between a 
crest on the shaft of the first metacarpal and the sheath of 
the flexor pollicis longus was not so easily discernible 
in microdissection and when such a septum was detected it 
appeared to run more between the two heads of the flexor 
pollicis brevis than between the latter muscle and the 
adductor. A belly of fibres which appeared to conform with
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the described features of the deep head of the flexor 
pollicis brevis (Day and Napier 1961) was found to lie 
totally on the ulnar side of this septum described by 
Landsmeer.
A much thicker well formed tendinous partition however, 
was seen running from the metacarpal shaft into the centre 
of the oblique head. Proximally it separated the palmar 
ulnar belly of the oblique head of the adduc.tor which is 
sometimes referred to as the first palmar interosseus. This 
part corresponded with what Wood Jones described too as the 
first palmar interosseus and commented upon to be termed the 
deep head of the flexor by some "British Anatomists" then. As 
mentioned before in the section on palmar interossei, this 
muscle belly has been treated throughout this study as part 
of the oblique head of the adductor.
Due also to the irregular obliquity of the fibres in 
the two heads of the adductor (see section on Discussion 
below) it was difficult to clarify by serial sections
which fibres joined the ulnar wing assembly of the thumb's 
extensor apparatus and which ones attached to the ulnar sesamoid 
and the base of the first proximal phalanx.
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The notable feature about this muscle was the pattern 
of its proximal attachments.
A bundle at its lateral border originated end-on from a 
band on the .medial border of the abductor pollicis longus 
tendon (Fig. 33 ). This band was found in several micro­
dissection specimens to be free from any attachment to the 
base of the first metacarpal which received the rest of the 
tendon of the long abductor.. As described below in a subsequent 
subsection for the abductor digiti quinti, here too this pattern 
of attachment allowed for a pull by the long abductor of the 
thumb on this radial belly of the abductor pollicis brevis 
as well as on the metacarpal. Equally,, this part of the 
abductor brevis can tension the abductor longus. Two other 
bellies were seen in the abductor pollicis brevis. One lay 
in the middle and was attached proximally to the scaphoid 
bone and the thick fibrous tissue surrounding the tendon of 
the flexor pollicis longus. The third belly arose from the 
distal edges of the lateral half of the flexor , retinaculum. 
These two latter bellies commonly soon merged to form the main 
part of the muscle; the most lateral belly, however, remained 
specially distinct most of the way to its distal attachments.
The fibres of all the three bellies ran a straight slightly 
oblique course (Fig. 33 ). The most medial belly contributed . 
all the fibres which joined the relatively smaller radial wing 
tendon of the thumb. The other two bellies and a few fibres 
from the medial belly attached to the base of the first 
proximal phalanx. The lateral belly (the one arising from the 
long abductor tendon) was also seen to tendinise much earlier 
proximally than the other two. Thus at metacarpal neck level
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there was a tendon band discernible already on the radial 
border of the muscle. The shortest muscle fibres in the 
abductor brevis were therefore to be found in this lateral 
belly whose greater obliquity provided more length for its 
fibres.
Serial Sectional Microanatomy
The findings here were mainly confirmatory of the 
microdissection findings. Of the three bellies, the most 
distinctive was the lateral one which originated from the 
abductor longus tendon. As seen from Fig. 38 there is a degree 
of separation of this fascicle from the rest of the tendon which 
then attaches to the base of the first metacarpal.
Distal tendon formation sometimes started across the 
whole dorsal aspect of the muscle, between it and the 
opponens. Sometimes there were a few muscle fibres covering 
the dorsal aspect of this tendon. All the same the lateral 
belly muscle fibres were the first to disappear completely 
into the tendon. The medial belly fibres were among the 
last to disappear the others being those on the superficial 
palmar aspects of the intervening middle part. The 
direction of the fibres in the serial sections were seen to 
be uniformly oblique the only difference being that as expected 
the more medial fibres were more oblique than the lateral 
ones .
At the distal attachment the whole tendon of the 
abductor brevis was suspended for a while by the transverse 
lamina from the extensor pollicis brevis. At the level of 
the base of the first proximal phalanx the middle and lateral
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FIG 38
APDUCTOR POLLICIS BREVIS OF THE RIGHT HAND SHOWN IN 
SITU TO DEMONSTRATE THE ATTACHMENT OF THE MOST RADIAL 
FIBRES TO THE ABDUCTOR POLLICIS LONGUS TENDON WHICH 
ARE WITHOUT ANCHORAGE TO THE BASE OF THE FIRST META­
CARPAL. DISTALLY THESE FIBRES FORM A TENDON BAND 
((BARELY DISCERNXBLE ON THE DISTAL RADIAL BORDER OF 
THE MUSCLE) MUCH EARLIER THAN THE REST OF THE MUSCLE 
FIBRES.
portions of* the tendon - incorporating the lateral belly 
and most of the middle and medial bellies -delaminated 
and attached to the base of the phalanx together with most 
of the superficial head of the flexor pollicis brevis.
It was uncertain exactly what proportion of the medial" part 
of the abductor joined the wing tendon. One thing that was 
certain was that it was the most medial part of the tendon 
of the abductor which persisted beyond the transverse lamina 
to the latter part of the extensor assembly®
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The fibres of this muscle were found to be arranged 
in two distinct parts. The superficial part which 
occupied mainly the radial side of the muscle was almost 
wholly attached to the trapezium. The fibres in it were 
progressively more oblique on the medial side and attached 
to the shaft of the first metacarpal mainly along the 
distal three quarters of that bone. (Figs . 3 9 and 40)*
The second part lay 011 the deeper aspect of the muscle, 
abutting the flexor pollicis brevis. On the medial side it 
extended further than the superficial head (Fig. 40 ) an(3 was 
covered both ventrally and dorsally by the flexor pollicis 
brevis. This second part of the opponens originated almost 
entirely from the flexor retinaculum. From there its fibres 
had a more horizontal inclination, especially the proximal two 
thirds of the fibres. They attached along the whole
length of the shaft of the first metacarpal. This meant that 
the most proximal of these fibres were virtually horizontal. 
The fibres in the distal third of this muscle were more 
oblique, almost to the same extent as those of the superficial 
part (Fig. 39)* They occupied the part that protruded deep 
to the medial border of the superficial part and distally 
they inserted to the neck of the metacarpal. As in the case 
of the abductor pollicis brevis the most medial fibres, due 
to their increased obliquity, were longer than the others. 
Between the two parts described the deep one had the longer 
fibres especially those on its extreme medial border.
One notable feature in this muscle was the lack of 
intramuscular tendon fascicles almost throughout. The only 
tendons to be seen were those at the very proximal end where
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FIG. 39 PALMAR VIEW OF THE RIGHT OPPONENS POLLICIS.
COMPARE THE DIRECTION OF THE SUPERFICIAL 
FIBRES TO THOSE OF THE DEEP PART SHOWN IN 
FIG.40
FIG. 40 THE DEEP (DORSAL) PART OF THE SAME OPPONENS POLLICIS
MUSCLE AS IN FIG. 39 THE SUPERFICIAL PART HAS BEEN 
REFLECTED. THE PROBE HANDLE MARKS THE POSITION 
OF THE SHAFT OF THE FIRST METACARPAL.
it attached to the .flexor retinaculum and the trapezium.
* Even these were relatively short and soon fully gave way. to 
muscle fibres exclusively. At the distal end the medial 
fibres which reached there formed a short flat tendon which 
wound round the shaft of the neck of the metacarpal, fused 
with the periosteum of the latter bone. The extrafusal 
fibre organisation within this muscle was therefore relatively 
more straightforward and very much in contrast to its 
counterpart in the hypothecar group.
Serial Sectional Microanatomy
As seen in microdissection the superficial (palmar) 
part’of the opponens pollicis had less oblique fibres than 
the deeper part. Specifically, the most lateral of these had 
an almost longitudinal course in parallel with the adjacent 
abductor fibres. Proximally the fibres of the deeper part 
as expected were virtually horizontal and could be seen their 
full extent from the flexor retinaculum to the ventrolateral 
aspect of the base of the fix'st metacarpal
Similarly too serial microdissection did not reveal any 
intramuscular tendons in this muscle. The only tendinous 
bands formed the partitions between the muscle and the super­
ficial head of the flexor pollicis brevis which enveloped the 
medial portion of the deep part of the mxiscle.
Although these miniaponeurotic intermuscular septa were well 
formed proximally, they faded off distally and the demarcation 
between the superficial flexor head and the medial border 
vj of the opponens was very indistinct. Obviously the opponens 
fibres did not persist bevond the metacarpophalangeal joint 
level and this criterion was useful in establishing the identity
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of the fibres. Remarkably, at these levels where the 
two muscles appeared to be merged, their fibre orientations 
was also more or less the same. Again in comparison with the 
opponens of the little finger these flexor fibres which seemed 
to merge with the opponens fibres kept a separate identity 
from the abductor fibres, but eventually joined the tendon 
of the former at metacarpophalangeal joint level and inserted 
together on the base of the proximal phalanx.
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A detailed observation of some microdissection features 
has been included in Section B on Lumbrical Patterns.
Additional features of the extrafusal fibre patterns within 
these muscles are however also worth describing in this 
Section.
Like the other situations mentioned in the preceding 
subsections, of intrinsic muscles being attached end-on to some 
tendon fibres of an extrinsic muscle, e.g. Abductors Pollicis 
Brevis and Digiti Quinti, this pattern'was also observed in 
some lumbricals. In all lumbricals the proximal attachment 
was semitendinous, the muscle fibres interspersed closely 
with tendon fibres most of which fused side to side with the 
tendon fibres of the flexor pollicis longus. The
rest of the tendon fibres and all the muscle fibres attached 
more or less end-to-side into the flexor profundus tendon.
In one first lumbrical however, from the Series GH 24 there 
was a small but sizeable bundle of muscle fibres which 
joined end-on to a tendon band which ran parzillel to but 
distinctly separate from the rest of the flexor profundus 
tendon. The pattern there was very closely similar to that 
seen in the Abductor Pollicis Brevis lateral belly. 
Unfortunately this tendon band in the flexor profundus could 
not be followed proximally all the distance to the muscle 
belly as it had been disrupted during preceding anatomy class 
gross dissection of the forearm.
The tendon bands in the proximal parts of the lumbricals 
tended to fade progressively in the distal direction forming 
extensive .intramuscular sepia and compartments within these
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muscles. A lot of connective tissue which formed these septa 
also came from the sheaths of the profundus tendons. The 
distal third of the muscles however became almost wholly 
muscular such that this intramuscular compartmental 
structure did not extend to the insertion tendon. All the 
lumbricals distal tendons joined the wing part of the 
extensor apparatus even in the cases where the muscle split 
to give a bifid distal tendon to the two adjacent fingers.
The sizes of the bifid insertions and origins were 
variable. In Series GH 21 the bifid origin of L3 almost 
entirely came from one profundus tendon to form a single. 
insertion which attached to the "wrong” adjacent finger; in 
other cases both origin and insertion bellies were almost 
equal in size and the muscle fibres kept on the same side of 
the bifid origin and insertion of the muscle. There were 
other varieties between these two extremes.
Serial Sectional studies also demonstrated the 
multiple intramuscular compartmentalisation by the numerous 
septa derived from the tendon fibres attached to the flexor 
profundus. However, unlike in the bifid interossei there was 
no clear demarcation between fibres from any heads of the 
bifid lumbricals. Although in microdissection, one was 
able to circumvent this by gently spreading the flexor 
profundus tendons apart and teasing out the lumbrical 
muscle fibres to create a demarcation between the two heads, 
there was no such easier method of going about this by 
serial sectional study. There was also no lumbrical with 
a bifid insertion in the foetal hands which were serially 
sectioned.
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Section A(xvi) DISCUSSION OF THE EXTRAFUSAL FIBRE ORGANISATION. 
Dorsal Interosseus III. - This muscle consists of the three basic 
groups of fibres seen in every dorsal interosseus i.e. the two 
dorsal groups from the ulnar (Dy) and radial (D^) heads, and 
the palmar group (P) from the palmar aspect of the radial head. 
All these three groups of fibres attach to the intramuscular 
tendon in the bipennate fashion as described above.
On contraction of Dorsal Interosseus III therefore there 
will be a single force transmitted through the common tendon 
of insertion to the wing assembly, but with three components 
acting in the three directions of these fibre groups. These 
three components are bound to be operative since in addition 
to the flexion movement at the metacarpophalangeal joint, the 
distal parts of the intramuscular tendon and the wing tendon 
itself are capable of dorsoventral movements, because The anc­
horing to the volar plate does allow some movement (Eaton 1969) 
The effect of any such dorsoventral movements of the wing 
tendon alongside the metacarpophalangeal joint would in theory 
be to increase or decrease the flexion leverage at the axis of 
this joint.
From Fig. iyj of the operative scheme of forces worked 
out by the author, it will be seen that the palmar radial 
fibres P are better placed for contribution to metacarpophalan­
geal flexion movements performed by this interosseus muscle.
This is because in addition to having the component = P cos a 
which acts along the line of the intramuscular tendon, the 
other component - P £>rn a is in the favourable direction for 
the flexion movements.
The dorsal group of fibres (E^ j and ) on the other hand
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Fig. 4-1 The Scheme of Forces operative within the 
Right Third Dorsal Interosseus Muscle.
PR = Radial head fibres (palmar)
Dr = Radial head fibres (Dorsal)
DU ~ Ulnar head fibres
A = Axis of metacarpophalangeal joint
D-^  and D^ = Components of the total force from Dr and DU
D = Line of the total force from DR and DU
P = Line of force from PR
P^ and P^ = Components of P
T = Resultant force in the intramuscular tendon.
WT = Wing Tendon Medial Slip
IMT = Intramuscular Tendon
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also have their total component D-^  = D cos b along the line 
of the intramuscular tendon. The other component = D ©in b 
however is in the opposite direction and unfavourable to flexion 
at the metacarpophalangeal joint. It therefore has the tendency 
to approximate the wing tendon to the axis of the joint, if not 
actually contribute some opposing force to the flexion, espec­
ially during the initial phases of metacarpophalangeal flexion.
It is significant that this component D^ , especially from 
the distal fibres of Dg and , is effectively counterbalanced 
by the other component considering the fact that the two dorsal 
groups put together have a greater bulk than the palmar group.
It must be noted, however, that the counteraction of these com­
ponents is relevant only for the distal fibres of each group.
In the proximal fibres their effect would be mainly to stabilise 
the intramuscular tendon only. It cannot be said that a similar 
stabilising effect is equally important at the distal end because 
there is a ligament ventral to the overall tendon of the dorsal
interosseus, which is well placed to check any excessive ventral
traction on the ‘tendon by the palmar fibres.
For interphalangeal extension, especially if the metacarpo­
phalangeal joint is kept extended and the wing tendon is straight, 
the reverse is true of the forces and their components derived 
from the three muscle groups in Dorsal Interosseus three. The 
D|j and Dj^  fibres' are more favourably placed than the P fibres 
and contribute more towards' this movement.
As an ulnar abductor of .the middle finger the operative 
scheme of forces can be obtained b.y placing' the one 
described above for metacarpophalangeal flexion in a
coronal plane Fig. ^2 xt will be seen that the ulnar head
fibres D^ are then placed more favourably for this movement 
than the radial head fibres P and .
The scheme of forces shown can be taken to be applicable 
as the basic one in all the dorsal interossei in general and to 
some extent the palmar interossei as well; the only difference 
in the latter being that they are attached only to one meta­
carpal. The main differences in the other dorsal interossei 
are frhe unequal lengths of the three groups of fibres and the 
dual attachment to the phalanx and the wing assembly. In these 
aspects Dorsal Interosseus III therefore happens to be the 
simplest of all the dorsal interossei.
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Fig.12
EDC ^Extensor Digitorum Communis 
Wf - Viiig Tendon Lateral Blip.
Scheme of Eor a os operative in trie Muscle 
Groups of Dorsal Interosseus I1T in abdu­
ction of Digit; 3.
Dorsal Interosseus II
Microdissection and serial sections reveal that this muscle 
has a phalangeal tendon derived from the relatively longer dorsal 
ulnar head group of fibres. (D ) and a few from the much shorter 
superficial dorsal fibres of the radial head. The wing tendon 
is derived from the longest group of all i.e. the palmar (P) 
ulnar fibres, and more than three quarters of the short dorsal 
radial head fibres (Dp).
Using the basic scheme of forces developed for Dorsal Inter­
osseus II above, it will be seen that since the palmar ulnar 
belly is large and has the longest fibres, it should provide 
this muscle with very effective metacarpophalangeal flexion.
It is to be recalled here how this palmar ulnar belly has a very 
extensive attachment on the third metacarpal and encroaches up­
on the area of attachment of Dorsal Interosseus III on its medio- 
palmar aspect. The wing tendon therefore is better suited for 
this movement than the phalangeal tendon which is operated by 
the positionally less favourable dorsal fibres.
For radial abduction of Digit 3 the wing tendon is also 
better suited than the phalangeal for several reasons. The 
radial head fibres Dr are short with their obliquity approaching 
the transverse more than the longitudinal axis, as seen in the 
Pg and Dg fibres. This obliquity allows resolution of a pro­
portionally greater component in the radial direction than that 
derived from the longer less oblique Dy fibres (Fig. 43 )-
This obliquity together with the shortness of the fibres also 
allows accommodation of a greater number of fibres in this’ 
head suggestive of a greater build up of power (Brobeck 1973).
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TL = Transverse Lamina
Fig. 43 Scheme of the predominant forces in the 
Mus le Groups of Dorsal Interosseus II 
(a ) in flexion of thr metacarpophalangeal 
joint (b) in abduction of the same joint. 
Also see Figs. to
Although the contractile length off the fibres is shorter 
than that for the Dg the resultant of the force of the Dr 
fibres transmitted through the wing tendon has a longer 
leverage arm from the axis of metacarpophalangeal joint than 
that of the Dy fibres transmitted through the phalangeal 
tendon.
A factor which should facilitate ulnar abduction of the
I
digit by this muscle as a whole is the positioning of the 
intramuscular tendon farther from the third metacarpal than is 
seen in Dors.al Interosseus III. This feature was seen both
in microdissection and serial sections. It is a factor which 
should assist particularly the ulnar head fibres (both Py fibres 
to the wing and Dy fibres to the phalanx) in that their resultant 
force along this tendon is placed at a wider angle from the meta­
carpophalangeal joint axis than if the tendon lay closer to this 
metacarpal.
The phalangeal tendon, it would therefore appear, cannot 
play the predominant role in either metavcarpophalangeal flexion 
or radial abduction of Digit 3; it is also totally incapable of 
participating directly in interphalangeal extension. If the 
greater length of the ulnar head fibres Is to be taken.as an 
allowance or provision for a more graded contractile force, 
then this is probably the main contribution of the phalangeal 
tendon in both flexion and abduction.
To summarise the arrangement in Dorsal Interosseus II, the 
wing tendon appears much better suited both for flexion and 
abduction at the metacarpophalangeal joint with the Pr, ulnar 
head fibres and Dy radl a 1 head f i.bres cont r ibut i ng t he ma in 
forces to these respective movements. It ,is the only tendon in
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(luring which the fibres would also be the main contributors. d  : R     -----------------------------------------------------------------
The phalangeal tendon probably provides a finer control 
(? precision element - see also Spindle Distribution in Dorsal 
Interosseus II) to both flexion and abduction but it is incap­
able of direct interphalanqeal'extension.
Dorsal Interosseus IV
The structural and functional pattern of the muscle fibres
and tendon bands in this muscle is the mirror image of that ,
described for Dorsal Interosseus IX. The wing tendon is
derived from the dorsal ulnar fibres D^ and palmar raidial ones
Pr, (compare D,., and Pr. for Dorsal Interosseus II). The phalan­ge K U
geal tendon is derived almost wholly from the dorsal radial
fibres D^ (compare D in Dorsal Interosseus II). The former 
R U
tendon is therefore the better suited for ulnar abduction and 
metacarpophalangeal flexion. The phalangeal tendon is less 
suited for the first two movements, and as in Dorsal Interosseus 
III is incapable of direct interphalangeal extension.
The only difference between the two muscles is that both 
groups contributing to the wing tendon (D^ and P fibres) have 
longer fibres than the D fibres to the phalangeal tendon.
This means that from the above analysis the short range power 
element within the muscle acts through the phalangeal base while 
the more graded element acts via the wing tendon. The simplest 
interpretation here would be that the linear contraction range 
of the wing tendon and the short range power of the phalangeal 
tendon are increased in comparison with the set-up seen in 
Dorsal Interosseus II.
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Fig. 45 Scheme of the predominant forces in the Muscle 
Groups of Dorsal ‘Interosseus IV (a) Flexion
of the metacarpophalangeal joint (b) abduction 
of the same joint. Also see Figs. 41 to 48.
f
The observed structure of the intramuscular tendon, 
especially in this muscle, presents some interesting features.
It was recorded by Landsmeer (1976) and observed in this study 
that this tendon has distinctive palmar and dorsal bands. The 
palmar radial fibres and most of the dorsal ulnar attached to 
the palmar band whereas the dorsal radial group attached to the 
dorsal band. This suggests that there may be a fairly independent 
degree of action of these two bands within the muscle. If this 
is true it only makes the scheme of forces suggested by the 
author even more important because the operative forces then will 
be closer to the vectors drawn for the individual muscle groups.
Dorsal Interosseus I ( F i g c .46,47)
Despite almost all the fibres of this muscle forming the 
phalangeal tendon, the scheme of forces here is more complex 
and interesting than in all the other interossei. There are 
two large palmar groups of fibres in this muscle - one each 
from the radial (p^) an<1 ulnar (By) heads. Some of these 
fibres join the main phalangeal tendon as in the other 
interossei. A sizeable sub group p and p from both p and 
P were observed to spiral round the main tendon to interweave 
into the transverse lamina of the aponeurotic hood of the exten­
sor apparatus. Functionally this transverse lamina T_ by itself
v.
forms a sling dorsal to the metacarpophalangeal joint distal to 
the axis of this joint. It therefore still has a flexing 
effect upon this joint when these spiralling fibres contract.
The short dorsal ulnar group of fibres DfJ are all attached 
to the intramuscular tendon at a more horizontal obliquity than 
the dorsal radial fibres I) . Of the latter three functional 
sub-groups are evident. D attach to the intramuscular
1 0 0
FIG 46
DORSAL VIEW OF THE RIGHT DORSAL INTEROSSEUS I. THE 
BIPENNIFORM MEDIAL PART OF THE MUSCLE HAS BEEN REFLECTED 
TO SHOW THE LENGTH AND DIRECTION OF THE FIBRES ESPECIALLY 
OF THE ULNAR BELLY. THE MARKER IS POINTING AT THE STUMP 
OF THE RADIAL ARTERY BETWEEN THE TWO HEADS.
ARROW: THE METACARPOPHALANGEAL JOINT CAPSULE AND PERICAPSULAR
FIBRES.
1
1 0 1
I
Fig. 47 The Scheme' of Forces in the Tendons from the 
dorsal aspect of Dorsal Interosseus
PT = Phalangeal Tendon
DU = Dorsal Group of Fibres in the Ulnar Head.
DR1,2 & 3 = Dorsal Groups of Fibres in the Radial Head.
PU1 = Palmar Groups of Fibres in the Ulnar Head.
PR1 - Palmar Groups of Fibres in the Palmar Head.
IMT = Main Intramuscular .Tendon of the Bipenniform Part.
TL = Transverse Lamina
DL- _ & = Dorsolateral Tendon.1,2 3
pu, pr 
dr 1,2
> du = Puli derived from the .corresponding group of.
& 3 fibres.
T = Puli derived from the main Intramuscular Tendon
tendon and have variable lengths (Figs. 1^ * and ^  ).
D are the longest in the whole muscle and attach directly 
to the juxtacapsular phalangeal tendon core. are of
intermediate length and form an incomplete fusiform pattern 
culminating in the thick superficial dorsolateral tendon 
(Fig. 10 ) which also joins the juxtacapsular tendon core 
directly.
The effective arrangement here strongly reinforces both
metacarpophalangeal flexion and radial abduction of the index.
A stronger flexion is achieved by the two palmar groups
P and P instead of only one as seen in the other interossei.
K U
Another very remarkable powerful component is added by the whole 
large bulk of the dorsal radial group D ■ 0 by merely drawing
K i. j ^  ) w -j
the first metacarpal towards the centre of the palm as,say,in 
playing a trumpet. This component is maximal when there is 
simultaneous pad-to-pad pinch grip between the thumb and the 
little finger. This movement brings the first metacarpal more 
to the ventral side of the axis of the second metacarpophalangeal 
joint and the forces d ^ , d^2 and d ^  arG translated more in the 
ventral than lateral direction as would be if the first meta­
carpal were kept closer to the same coronal plane as the other 
digits.
The exceptionally long fibres provide a source of
force d^2 that can- be graded over a much longer range during
this flexion. The three groups of fibres P_, PTT and there-R U R
fore create a mechanism, not seen in any of the other dorsal 
interossei, which fits in quite well with the involvement of 
the index finger in the "precision tripod", providing both 
sufficient gripping force and finer control.
1 0 2
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DU
Big. 48 Groups of Muscle Fibres in Dorsal
Interosseus I seen from the lateral (Radial) 
aspect. EDO =■ Extensor Digitorum Communis. 
(Also see Fig. 4*7 )
radial D_, and the P_. groups are the best positioned ones .K K
Although the intramuscular tendon lies closer to the second 
metacarpal when the muscle is relaxed, the mobility of the 
thumb at the first carpometacarpal joint can allow this 
metacarpal to be abducted away from the second one. This move­
ment should permit a shift of the intramuscular tendon laterally 
and hence improve abduction at the second metacarpophalangeal 
joint. This action also increases the initial contractile 
length of the radial head.fibres. Abduction of the metacar­
pophalangeal joint of the index can therefore in theory be 
considered to be provided with a more effective arrangement 
when the first metacarpal is abducted.
The uniformly short ulnar head fibre pattern especially 
in the part accommodates more numerous fibres than the radial 
head. However whatever power that the group seems to be
capable of, it is the worst positioned for any of the two above 
movements performed by this muscle.
The actiQn of the dorsal fibres which do not join the
intramuscular tendon directly needs to be emphasised and is
best demonstrated in Dorsal Interosseus I. As can be seen from
the photograph of the microdissection of this muscle (Fig. )
and from the scheme in Fig. 47 the forces from these fibres
provide direct j^ ull d^  and d^  on the phalangeal tendon
quite independent from that of the intramuscular tendon. These
juul I5 need not therefore act on the tendon via their component
in the intramuscular tendon as in the case of the D - fibresR-L
(d . £OS> b) . This direct attachment of D n and D _ to the 
insertion tendon therefore provides a more powerful and a finer
1 0 4
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control arrangement within this muscle for abduction
and for metacarpophalangeal flexion when the first metacarpal
is drawn towards the palm as described above.
Palmar Interossei
These muscles are all attached to the palmar aspect of 
their corresponding metacarpals. They also all attach to the 
wing tendons of the extensor apparatus. Functionally they are 
therefore analogous to the palmar groups of the dorsal inter­
osseus muscles and are therefore primarily suited for metacar­
pophalangeal flexion and interphalangeal extension.
That their extrafusal fibres are arranged into a fusiform 
rather than unipennate structure is very important with regard 
to their second function of digital adduction at the metacar­
pophalangeal joint. It means that some of the muscle fibres 
are attached to and therefore can act on the intramuscular 
tendon on the opposite side and away from the metacarpal of 
origin. There is thus a component acting in the direction of 
the adduction in addition to the resultant force in the line 
of the intramuscular tendon. This component acts in a way 
similar to that of the second head of a dorsal interosseus.
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The Hypothenar Muscles 
Abductor Digiti Quinti
For the hands where the flexor digiti quinti is missing, 
it is interesting to consider how flexion of the fifth digit 
is achieved. The opponens digiti quinti has never been 
observed to cross the metacarpophalangeal joint, therefore it 
is incapable of flexing this joint. The third palmar interossei 
therefore appears to be the only muscle with proven flexing 
action at this joint since the primary role of the interossei 
is known to be metacarpophalangeal flexion (see above).
A closer examination of the hypothenar structure will 
however reveal that the bulk of the abductor digiti quinti 
lies within a plane anterior to the fifth metacarpal. Fig. Tft 
There is thus bound to be a component of its forces acting at 
the metacarpophalangeal joint in the ventral plane of flexion 
in a similar way to that developed for the palmar interossei 
(see above). All the fibres in this palmar section were 
observed to join'the insertion tendon just before its attachment 
to join the base of the phalanx and the whole wing tendon of 
the abductor was derived from the other fibres of this group. 
These fibres therefore act directly and wholly upon the 
phalangeal and wing tendons exerting a greater force on these 
two tendons than if they were to act via an intramuscular 
tendon. That they are separated from the metacarpal by the 
opponens muscle only improves their angle of action by increasing 
it.
An inference can be made at this juncture that the 
abductor digiti quinti position appears to permit it to develop 
some effective flexion component along a plane ventral to the 
metacarpophalangeal joint; and the wing tendon is wholly
1 0 6
derived from this palmar (ventral) group of fibres. Although 
this concept was not put to test by electrical stimulation 
studies, simple proximal traction of the most palmar fibres 
in one of the specimens along their long axis was observed to 
elicit some degree of flexion at the metacarpophalangeal joint. 
It is, however, unclear^whether the presence of the palmar 
group of the tendon fascicles surrounding the main dorsolateral 
one denotes a possible independent action by some of these 
groups of fibres.
As for abduction movements of the fifth digit, for which 
the abductor is primarily responsible, both the wing and 
phalangeal tendons appear equally suited. It is, however, worth 
emphasising the improved greater angle provided for this move­
ment due to the presence of the opponens muscle between the 
abductor and the fifth metacarpal. It is also useful to under­
line the preceding observation that the wing tendon is derived 
from among the longest fibres in the muscle, in order to intro­
duce here too the concept of differentially graded control of 
the same movement by longer and shorter fibres as discussed for 
the interossei.
Opponens Digiti Quinti
This muscle presents a very complex and intriguing 
structure. It has been remarked before that the extrafusal 
fibre pattern in this muscle sometimes almost suggests a 
multipennate arrangement (Fig. 37 )• Other than this it is
difficult to derive any other functional correlations. The 
multipenniform structure would appear to suggest a predominance 
of a power rather than a precision element in the activities 
of this muscle. The little finger is involved more in power
1 0 7
grips than precision ones (Napier 1960) and the "precision 
tripod" is sometimes adequate by itself such that the two 
ulnar digits are rendered redundant. Opposition however, 
was considered as the predominant precision grip by Napier 
(1960) when he developed the concept of power and precision 
grips. It is therefore unclear what this structural observation 
means functionally.
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The Thenar Muscles 
Abductor Pollicis Brevis
Here too the wing tendon was observed to be derived from 
amongst.the longest fibres seen in the medial belly of this 
muscle. One can therefore suggest finer control of abduction 
by the wing tendon than by the phalangeal one.
The bundle of muscle fibres which join the tendon of the 
abductor longus freely without any attachment to the underlying 
bone have been observed before (Landsmeer, 1976). The arrange­
ment implies that the abductor longus can therefore operate the 
proximal phalanx via these fibres. This in turn implies involve 
ment of this even more powerful additional force from the longer 
abductor for abduction movements at the metacarpophalangeal joint
Opponens Pollicis
The significance of the directional variation in the two 
parts of the opponens pollicis muscle is also unclear. The 
muscle as a whole, however, by bringing the thumb in opposition 
to the other fingers is observed to draw the first metacarpal 
into a more ventral plane in relation to the metacarpophalangeal 
joint of the index finger. It has been discussed in a preceding 
part of this Section how this change of position of the first 
metacarpal improves the control of and power flexion of the 
index within the precision tripod.
The opponens therefore appears to have this very important 
dual effect of opposing the thumb in the numerous precision 
handling postures and simultaneously increasing the control and 
power of the gripping force provided by the index at its 
metacarpophalangeal joint.
1 0 9
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RESULTS
All the 30 hands investigated had four lumbricals.
All the lumbricals attached proximally to tendon slips of 
the Flexor Digitorum Profundus (occasional attachments to 
flexor superficialis tendons have been described by others 
( Mehta, and G-ctrdncr, 1961)). In all 30 hands the first 
lumbrical had the normal distal and proximal attachments 
as described in textbooks and in all cases was supplied 
by the Median Nerve.
Notable variations were observed in Lumbricals 2 and 3 
(L2 and L3). In 8 of the 30 hands L3 had bifid distal and 
proximal attachments. Distally one head went to the radial 
side of Digit 4 as expected and the additional one went to 
the ulnar side of Digit 3 - thus giving Digit 3 a lumbrical 
attachment on either side, Digit 4 having only half a 
lumbrical attached to it.
The more interesting variation was when the whole lumbrical 
would attach distally to the digit next to that to which it 
normally attaches. This was seen in 4 hands out of the 30(.13)
In 3 of them (.10) L3 attached to the ulnar side of Digit 3 
leaving Digit 4 (ring finger) with no lumbrical attachment.
In the fourth hand there was no lumbrical attachment to the 
little finger, L4 going to the ulnar side of the ring finger.
The fourth lumbrical was also fairly consistent in its 
attachments and nerve supply. It was always supplied by the 
ulnar nerve and except in one hand it always had a bifid proximal 
attachment. It had a bifid distal attachment in only the one 
case mentioned above.
The other variat ions, in the pattern of innervation of
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TABLE 
4 
(c ontinue d)
1 1 3
with bifid proximal attachments except in 5 hands (.16) out 
of the 30.
In all cases with bifid distal attachments each distal 
head received almost all the muscle fibres attached to the 
tendon slip to the same finger as its distal attachment. Only 
in two hands were there grossly disproportionate allocation 
of fibres across from the tendon slip of one finger to an 
insertion head to the adjacent finger. (Series GH 23 and GH 4).
All the lumbricals distally joined the wing tendon of 
the extensor apparatus, irrespective of any anomalies listed 
above. Most remarkably though, in none of these series with 
anomalous lumbrical patterns, were there any modifications 
or anomalies seen in the attachment patterns of the interossei 
muscles. The origin and insertion patterns for all these 
muscles were as previously described by Landsmeer (1955 and 
1976) and as found in the rest of the hands included in the 
study. As mentioned later in the section on muscle weights, 
there was no noticeable corresponding Variation in the 
weight patterns in the interossei muscles in those series 
where lumbrical attachments were missing totally d.n one of 
the digits.
L 2  a n d  L 3  b y  t h e  m e d i a n  a n d  u l n a r  n e r v e s  a r e  s u m m a r i s e d  i n
T a b l e  1+ . T h e  u l n a r  n e r v e  s u p p l i e d  a l l  t h e  l u m b r i c a l s
That some digits did not have a lumbrical muscle inserted 
on them as expected, and that this anomaly should exist 
without any noticeable compensatory modifications within 
the functionally related muscles,is worth consideration.
In this study 3 out of 30 hands had a digit which was com­
pletely without a lumbrical insertion and 2 more hands in 
which the size of the muscle head attached to the digit was 
so small to be virtually negligible (i.e. the head consisted 
of a few muscle fibres only). The first figure represents a 
proportion of 1 in 10; together with the latter two hands 
the new proportion can be considered to be 5 in 30 or 1 in 6.
In a bigger series'Basu and Hazari (1962) reported similar 
findings in 20 out of 72 hands (a proportion of over 1 in 4). 
Totally missing lumbricals were also reported by Braithwaite 
et al (1948) and Morris (1953) although they did not mention the 
relevant proportions as above.
In the 30 hands used for this study no other muscles or 
their attachments were totally missing except the flexor 
digiti quinti. The absence of lumbrical insertion involved 
the third and fourth digits in this study. These anomalies 
occurred in the fourth and fifth digits in Basu and Hazari’s 
report; the totally missing lumbrical reported by them was 
the fourth one which is normally attached to the fifth digit. Of 
the lumbricals to the three ulnar digits the two most medial 
do not participate in numerous precision handling activities, 
more specifically when only the "precision tripod" (i.e. the 
thumb and the medial two fingers) is employed, e.g. in writing, 
sewing etc. Only the lumbrical to the fifth finger was found 
to have "moderate" activity in some versions of the power grip,
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Hall (1968). The more direct inference from this would be 
that these two most ulnar lumbricals are probably not 
essential for control of movements of the fourth and fifth 
digits .
However, looking at these findings, plus other observations 
discussed below, this high frequency o.r irregularity of lum­
brical distal attachments merely highlights the possibility of 
the whole lumbrical musculature, with the possible exception 
of the consistent first one, being of incidental supplementary 
motor role in the control of digital movements. The alternative 
possibly more significant role for all of them as a proprioceptiv 
channel between the flexor and the extensor elements in the 
hand has been suggested before (Backhouse, 1968) and will be 
disscussed further below.
From the muscle weights (Tables ^ to 7) , the individual 
lumbrical muscle mass is roughly less than a third that of the 
corresponding dorsal interosseus or abductor digiti quinti or 
less than a half that of the corresponding palmar interosseus 
muscle. This finding was also recorded by Eyler and Markee in 
1954. All the lumbricals have a fusiform extrafusal fibre 
arrangement (See Chaper 4 Section A(xv))such that there is 
no intramuscular tendon even in those lumbricals with bifid 
origins. Moreover lumbricals 3 and 4 which.most commonly 
have bifid origins have the smallest weight ratio in comparison 
with the corresponding intrinsic muscles. These two factors 
alone suggest that for each digit the .'lumbricals are the 
weakest of all the functionally related muscles, if not of all 
the investigated intrinsic muscles of the hand. Lumbricals 
3 and 4 attach to the radial wing tendons together with 
Palmar Interossei 2 and 3 respectively. Lumbrical' 2 attaches
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to the radial wing tendon of Digit 3 together with the 
bulkier portion of Dorsal Interosseus II (see Chapter 4 
Section A(iii). There is thus a bulkier and more powerful 
interosseus muscle mass attached to the wing tendons along­
side each of these three lumbricals.
Unlike the other intrinsic hand muscles with bony fixed 
origin on the metacarpals or carpals, the lumbrical origin 
is on the movable tendon of the flexor profundus. Thus on 
contraction of the lumbrical muscle its origin moves distally, 
as was demonstrated by Eyler and Marlcee in 1954. This has the 
double effect of shortening the overall' effective length of 
the lumbrical as well as diminishing the contractile force it 
can develop to move the phalangeal joints. The unlikely event 
of the flexor profundus bracing its tendons by active simul­
taneous contraction has been categorically dismissed before 
by Thomas, Long and Landsmeer (1968) and Landsmeer (1976) in 
their detailed lcinesiological analysis of the actions of this 
muscle. Backhouse (1968) also showed by electromyography that 
the potentials over the flexor profundus in the delicate 
movements of the digits are "virtually non-existent".
Visco-elastic resistance, by itself, of the flexor
profundus is unlikely to be adequate to prevent the passive
stretch of this flexor muscle to the extent of allowing
development of high degrees of tensile forces at the distal
attachment of the lumbricals. That human skeletal muscles
are capable of elongating as much as 20-40% of their original
2lengths when subjected to as little as 1 gm-wt/mm strain 
(Yamada 1970) is noteworthy in this respect. (See Fig. ).
Although YamadaTs studies did not include the flexor profundus 
specifically, he however observed that there- was no significant
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Big.4g>j£tress~s train curves in tens' on of skeletal 
Muscle Tissue (Human).
(After Yamada,H., 1970)
muscles nor "between flexors and extensors". Indeed for the
2first few gm-wt/mm of stress the percentage of elongation 
of all the muscles shown in the graph are nearly equal, up to 
the level where their elongation becomes more than about 23% 
of their original length. Since the overall length of the first 
lumbrical is less than a third of the overall length of the
j
flexor profundus as rough measurement on the palm and the fore- ;
1arm will show, and the physiological range of muscle contraction isj
I
normally 30% of the original length , (Brobeck 1973 ) even an elongat ion! 
of only 10% of the flexor profundus will totally eliminate the 
effective physiological contractile length of the lumbrical. i
The foregoing analysis strongly indicates that the 1
lumbrical muscle is unsuited to the development of substantially 
powerful tensile ■ forces at its distal attachment under normal 
physiological conditions, and it is unlikely to act on its own 
in interphalangeal extension. Backhouse (1968) concluded after 
electromyography and electrical stimulation of these muscles, 
that the trio consisting of the long extensor and the two 
interossei attached to the same metacarpal can interact to 
cause powerful enough interphalangeal extension. Lake (1957) 
in her study of electrical activities of the same trio of 
muscles attached to the third digit came to similar conclusions 
about their participation and capability in interphalangeal 
extension. Saraffian (1970) found that proximal traction of 
the tendon of the extensor digitorium is capable of inter­
phalangeal extension and is very strongly transmitted through 
the lateral tendons of the extensor apparatus which accompany 
the lumbrical tendons. Although interphalangeal extension is 
not normally done against resistance as in opening of the
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hands, such that the force required is relatively small, 
the "interphalangeal extension trio" mentioned above appears 
to offer a stronger and more balanced arrangement of forces..
This applies both on the extensor and the lateral and medial 
aspects of the axis of the interphalangeal joints both for 
extension and for counter-balancing any veering of the extensor 
apparatus to the side.
That the first lumbrical should retain a more consistent 
innervation and attachment than the other three is not surprising. 
Since Dorsal Interosseus I almost wholly attaches to the phalan­
geal base, the wing tendon on the radial side of the index is 
virtually wholly derived from the tendon of the first lumbrical. 
(Landsmeer, 1955, 1976. Also See Chapter 3 Section A(ii)). The 
palmar spiralling fibres interweave only into the transverse 
part of the aponeurotic hood dorsal to the metacarpophalangeal 
joint. The first lumbrical is therefore unaided in operating 
the radial wing tendon component of the extensor apparatus of 
the index and, considering the importance of this finger in 
precision handling in conjunction with the thumb and/or in 
the precision tripod (Napier, 1956), it is likely that however 
small the effects that the first lumbrical can offer here are 
still relatively more significant than in the case of the other 
three lumbricals. There is however a conspicuous difference 
in size between the radial wing.tendon derived from the 
lumbrical alone and the ulnar one from the first palmar 
interosseus. The former is more reduced in size than the 
latter (Landsmeer, 1976). In addition to the first lumbrical 
being smaller in mass than the first palmar interosseus (it 
is actually smaller than each of the other two palmar inter­
ossei as well) it also has .the handicap of the very mobile
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origin like the other three lumbricals. It is therefore 
significant here even in this case that the tensile forces 
built up by this lumbrical in the radial wing tendon of the 
index are still likely to be relatively much less than those 
in the ulnar wing.
Thus despite the first lumbrical assuming this promoted 
role in the "interphalangeal extension trio" proposed above, 
for the index finger, its contribution in this respect is still 
likely to be much less and only supplementary to that from the 
other members of the trio. The first lumbrical is probably
more of a lateral stabiliser here of the extensor tendon during 
activity of these other muscles.
How does one therefore explain the fairly forceful activity 
seen on EMG and electrical stimulation specifically restricted 
to the lumbricals, especially in interphalangeal extension 
where the evidence seems to be so convincing (Meibhur, 1969; 
Backhouse and Catton, 1957; Backhouse, 1968)? These findings 
represent the best direct evidence of the capability of these 
muscles to singularly play a significant biomechanical motor 
role in the control of digital movements, notably interphalan­
geal extension. In this respect, however, it is very important 
to consider Wyke’s (1974) cautionary note about the differences 
between the effects of artificial stimulation under experimental 
conditions and the actual events which occur as a result of 
normal physiological neuromuscular impulses. It is well-known 
that artificial stimulation can easily facilitate spatial, 
temporal and subliminal impulse summation with consequences 
beyond or very dissimilar to normal neurophysiological ones. 
E.M.G. studies on the other hand although done on muscles
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contracting under normal physiological conditions, have not 
been accompanied by simultaneous recording of the tensile 
forces developed by the individual muscles while they operate 
the extensor apparatus. The difficulty here is posed by the obser­
ved interweaving of the lumbrical tendon fibres with those of 
the other intrinsic and extrinsic muscles which form the 
extensor apparatus.
These electrical studies therefore fall short of 
providing conclusive evidence that under normal physiological 
conditions during which all the other factors mentioned above 
apply, the lumbricals actually develop the predominant forces 
which operate interphalangeal extension movements.
The exact functional significance of the lumbrical 
musculature being subject to a lot of debate, only interphalan­
geal extension and distal traction of the profundus have been 
consistently attributed to it by most of these investigators 
and reviewers. Metacarpophalangeal flexion, radial deviation 
of the digits and endorotation of the metacarpophalangeal 
joints have been progressively more categorically disputed 
than supported as being of any significant degree (See 
Literature Review).
The foregoing analysis strongly suggests that, except 
for the first lumbrical the other three most probably have 
a very minor and insignificant motor role for the control of 
digital movements, even the first two mentioned above. It 
is quite possible that most attention has been focussed on 
developing the original concept of their having a positive 
significant biomechanical motor role within the complex 
intriguing mechanisms of precision handling motions which
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even up to now are not fully understood. This alternative view­
point presented about their functional insignificance is worth­
while equal consideration and attention because it appears that 
the one seemingly direct evidence for this original concept 
i.e. the electrical studies described above, cannot be taken 
as conclusive when the other disputing factors outlined 
in the discussion cannot be discounted completely.
CONCLUSION
It is important to bear in mind that this alternative 
assessment does not totally negate the capability of the 
lumbricals on contraction to create some tensile force within 
the relevant parts of the extensor apparatus. It is strongly 
suggested rather that the relative contribution of these 
muscles to the forces operating the extensor apparatus and the 
digital joints is of a very minor supplementary and incidental 
nature rather than of primary predominant importance as has 
been advocated so far.
The suggested sensory proprioceptive significance of the 
lumbrical muscles is discussed below in the section on 
General Discussion.
1 2 2
SECTION C. I23
Muscle Weights
The results obtained are tabulated in Tables 3 t° '10 • 
There was a great variation between the weights of the same 
muscle in different individuals, as well as the order of 
increasing weights in particular groups like the thenar or 
hypothenar groups. The lumbricals had particularly low 
weights and their total is much less than that recorded by 
Theile in 1884.
Detailed statistical analysis of the figures was not 
done but the standard deviations were calculated to show 
the degrees of variance. The values of the Standard 
Deviations are also shown in the tables.
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t a b l e  5  W E I G H T  ( i n  g m s . )  O F  T H E  I N T R I N S I C  HAND
M U S C L E S  ( a )  T H E N A R  AND H Y PO T H E N A R G R O U P S
( w e t ) .
HAND APB FPB OP AP TOTAL ADQ FDQ ODQ TOTAL
UOS 11 1.5 1. 1 2.9 4.1 9.6 2.3 0 . 7 1.8 4.8
UOS 12 4.8 4.0 3.6 9.3 21.7 8.2 Abs 2 . 2 10. 4
UOS 13 4.4 3.8 3.0 7.7 18.9 5 .6 1. 3 2.5 9.4
UOS 14 3 . 9 3.2 3.4 6.5 17 .0 5.0 Abs 2.0 8.8
UOS 15 5.4 4. 1 5.0 8.0 22 .5 7.0 1.3 2.3 10.6
UOS 16 3 . 7 3.8 3.5 6.8 17.8 4.2 1.4 3.4 9.0
UOS 17 4.5 3.9 4 . 1 7.2 19.7 6.0 1 .6 2.6 10.2
UOS 18 5.0 3 . 9 3 . 1 8.4 20. 4 6.2 1.2 2.2 9.6
GH 4 4.9 4.0 2 . 9 10.1 21.9 7.0 1.5 2.0 10.5
GH 5 5.8 3.9 3.2 7.6 20.5 8.8 •Abs 3.0 11.8
GH 8 6.0 3.8 3 . 3 8.0 21.1 6.0 Abs 2.5 8.5
GH 9 4.6 3.6 3.2 7.2 18 .6 4.5 2.0 3.0 9.5
GH 23 3.2 4.0 3.0 6 . 6 16 .8 5.6 1.4 2 . 7 9.7
GI-I 2 7 2.8 3 . 8 2 . 9 8. 1 17.6 5.0 1. 1 2.0 8.1
GH 28 4.0 4.0 3.0 7.9 18.9 6.2 Abs 2.5 8.7
Mean 4.3 3 . 7 3 . 3 7.6 18. 9 5.8 1.4 2.4 9.6
SD 1 .2 0.7 0.5 1.3 5.1 1.6 0.5 0.4 1.6
Abs = Absent.
SD = Standard Deviation.
TABLE: 6 DffiRIErSIC MUSCLE WEIGHTS 
(a) wet.
Cb). IffiPEROSSEI.
HAND DI1 DI2 DI3 DI4 OCTAL
U0S11 5.0 2.4 1.8 1.7 10.9
U0S12 6.5 2.7 2.2 1.9 13*3
U0S13 5.9 3®8 2.5 2.1 14.3
Y0S14 6.0 3.2 2.0 2.0 13-2
U0S15 7.1 3-9 3.7 3.1 17.8
U0S16 6® 3 3.1 2® 2 2.2 13.8
U0S17 8d 5.5 3.4 2.7 19.7
U0S18 7.9 4.3 3-6 2.6 18.4
GH4 6-7 4.0 3.6 2.9 16.8
GH5 7.8 4.8 3-4 3o0 19-0
CtH? 7-6 4.1 2® 9 2.7 18® 3
GH8 6.2 4.0 2.4 2.4 15.0
GH21 5.9 2.9 2.5 2.3 13.6
GH23 6.7 3.8 3.0 2.3 15o8
GH2.8 . 5.4 3.5 2.6 2.6 13.9
Mean 6. 6 3*7 2® 8 2® 15.6
SoDo 0.9 0o8 0o6 0.4 2.6
Mean
Dry
Weight 3*7 2»4 1*5 1*1 9^ 5
TABLE:6 (cont.)
HAHD PIq PX2 PI3 TOTAL
LOS 11 1.4 1.2 1.2 3.8
U0S12 2.1 2.1 2.0 6.2
L0S13 2.0 2.0 2.1 6.1
U0S14 2.6 2.5 2.3 7.4
U0S16 00• 2.0 1.6 5.4
L0S17 2.7 2.7 2.4 7.8
TJOSlS 2.5 2.6 2.2 7.5
GH4 2.8 2.8 2.5 8.1
GH5 2.9 2.8 2.4 8o1
GH7 2.6 2.5 2.4 7.5
GH8 2.4 2.4 2.2 7.0
aH21 2.5 2.4 2.1 7.0
GH23 2.2 201 2.2 6.5
GH23 2.4 2.5 2.3 7.2
TJ0S15 2.9 2,8 1.7 7-9
Mean, 2.4 2.4 2.1 6.9
BoDo 0.4 0.4 0.4 .1.1
Mean
Dry
Wei glrb 1.0 1.1 0*?
TABLE: ? INTRINSIC MUSCLE WEIGHTS (o) HJMBRIGALS. 
(a) wet.
HAND LI L2 L3 3j4 L0TAL
UOS11 0.4 0.4 0.3 0.3 1.5
U0S12 0.8 0.6 0.5 0.3 2.2
TJ0S13 0.7 0.6 0.6 • 0.4 2.1
U0S14 1.0 0.8 0.7 0.5 3.0
U0S15 1.3 1.6 1.1 0.4 4.4
U0S16 0.9 0.5 0.4 OJ•o 2.0
U0S17 2.4 1.3 0.6 0.8 5.1
TJ0S18 2.0 1.6 0.9 0.6 5.1
GH4 2.1 1.8 0.8' 0.5 5.2
GH5 2.2 co<jv 0.7 0.6 5.3
GB71.9- 1,9 1.2 0.7 0.8 4.6
GH8 0.8 0.7 0.4 0.3 2.2
GH21 e o 0.9 0.6 0.5 2.2
GH23 0.7 0.5 0.7 0.3 2.2
GH28 o®9 0*7 0.6 0.5 2.7
Mean 1.3 1.0 0.6 0.4 3.3
Sp.D*. 0.7 0.5 0.2 0.2 1.5
Mean
Dry
Weight 0.7 0.6 0.4 0.3 2.0
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D (i) Dorsal Interossei Muscles in General
31 of these muscles were investigated, obtained from 
eight foetuses. Only one pair of hands came from the same 
foetus.
In all foetal hands Dorsal Interosseus I had the 
largest number of spindles. Dorsal Interosseus IV had the 
smallest number in all series except Series 3 where Dorsal 
Interosseus II had the least Dorsal Interosseus III was 
found to have more spindles than Dorsal Interosseus II in 
most series except three. In one of these three the two 
muscles had the same number of spindlesj in the other two 
series Dorsal Interosseus II had a larger number.
The commonest order of abundance of spindles for the 
four muscles was therefore Dorsal Interosseus I, III, II 
and lastly IV. In view of the large difference seen in 
Dorsal Interosseus II in Series 6 however, the mean absolute 
counts were in the order I, II, III then IV. In terms of 
relative spindle counts (spindle densities) the order 
was found to be III, IV, I then II, although when expressed 
per dry weight of muscle the order changed to IV, III, I 
then II.
There was no uniform proximodistal pattern of spindle 
distribution common to all four muscles. The only common 
feature here was that most of the spindles were concentrated 
around the points of nerve entry and main branching. Although 
the nerve branches to all the four muscles enter them from 
the palmar aspect, their proximodistal level of entry was 
found to differ. (Fig* 48c-)*
The bulkier heads of these muscles had more spindles
S E C T I O N  D :  N EUR OM USC UL AR S P I N D L E  COU NT A N D  D I S T R I B U T I O N
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(Diagrammatic Represent a bi or. of the Microdissection 
Observations )
Fig. 4.3c Fine Dissection of the Digital Nerves 
to. the Left 4th Dorsal Expansion.
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than the smaller ones in all series except in Dorsal 
Interosseus III where in one series the smaller ulnar 
head contained .68 of all the spindles compared to 
.38 in the bulkier radial head. Cross-sectional spindle 
distribution however consistently corresponded to fibre 
length in most muscles of all the series. The noticeable 
spindle concentrations were to be found in zones occupied 
by the relatively longer fibres of the individual muscles.
Of the zonal distributions with respect to the 
eventual destinations of the corresponding tendons of 
insertion, the phalangeal tendon was found to be derived 
from definitely spindle-richer muscle fibres in Dorsal 
Interosseus I and possibly so in Dorsal Interosseus II 
while the wing tendon was relatively spindle-richer in 
Dorsal Interosseus IV. Dorsal Interosseus III of course 
entirely inserted via the wing tendon as described in the 
preceding sections.
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TABLE o NEUROMUSCULAR SPINDLE COUNTS IN THE
INTEROSSEUS MUSCLES OF THE HAND.
SERIES SPECIMEN Dli DI2 DI3 4 TOTAL PIi PI2 PI3 TOTAL
1 RFHSM 1 39 25 34 21 119 20 21 11 52
2 UOS 1 40 16 20 21 97 18 21 19 58 '
3 SLH 1 48 22 23 ' 21 114 12 20 9 41
4 SLH 2 53 19 19 14 105 9 11 10 30
5 SLH 3 45 37 20 22 124 24 16 9 49
6 SLH 4 50 26 28 16 120 14 14 16 /[ /[
7 RFHSM 2 -X- 38 * 17 * 16 20
8 SLH 5 52 25 24 16 117 20 17 10 47
9 RB 69 Only one muscle available. See Text.
10 RFHSM 3 * 14 * 15 -X- * • *
Mean 50 25 24 19 118 17 17 12 46
SD of Mean
Mean Muscle 
Weight (1)
9.4
6.6
8.3
5.7
S 7 
2.8
3.1
2.4 17.5
5.2
1.9
3.2
1.9
4.5
1.6 5.4
Mean Muscle. 
Weight (2) a. 7 2.4 1.5 1 . 1 8.7 1.0 1 .1 0.7 2.8
Mean Spindle’ 
Density Ratio 
0 )Mean Spindle 
Density (2)
8
14
7
10
9
16
8
17
7
14
9
17
9
15
8
17
9
16
* Denotes Specimen Unsuitable for Count. See Discussion.
(1) In the Wet Condition.
(2) In the Dry Condition.
SD = Standard Deviation.
Eight Dorsal Interosseus I muscles from 7 foetuses 
aged between 16 and 20 weeks were investigated. The mean 
absolute neuromuscular spindle count in the muscle was found to 
be 50 spindles with a range between 39 and 69 spindles. The 
count of 69 was obtained in only one series from a
separate collection. The other 8 on their own had a much 
closer range 39 and 55 spindles (Table 8 ).
Of the two heads the radial head had the majority of 
the spindles (Table 6 ) - more than three quarters, compared 
to less than a quarter in the ulnar head. The proximodistal 
distribution was mainly concentrated within the middle third 
of both heads. This also coincided with the point of nerve 
entry and main branching within the muscle. There were more 
large nerve branches Into the radial head than the ulnar one.
The three dimensional spatial distribution was found to 
be related to the extrafusal fibre length variations within 
the muscle as seen in microdissected specimens. The ulnar 
head fibres as stated above had a sparse spindle population 
throughout, although in Series 3 there was a definite 
relative concentration of spindles in the distal palmar part 
of this head. In others there was a generally dispersed 
spread within the head with only the surrounding extreme 
borders being completely devoid of spindles. In the 
larger radial head the spindle concentration was 
relatively greater in the central zones with an intervening 
gap at distal levels where the thick superficial dorsolateral 
tendon communicated with the deep intramuscular tendon which 
lay between the two heads. The area occupied by fibres
1 5 2
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T A B L E  9  R E G I O N A L  S P I N D L E  D I S T R I B U T I O N  I N  D O R S A L
I N T E R O S S E U S  I  ( C H A R T E D  S E R I E S  O N L Y ) .
SERIES SPECIMEN SIDE AGE SPINDLE COUNT
Total Ulnar
Head
Radial
Head
Wing Phalan­
geal .
1 RFI-ISM 1 L 20 39 10 29 -X- •x-
2. UOS 1 L 18 40 16 24 -x- -X-
3 SLI-I 1 L 16 48 12 36 -X- *
4 SLI-I 2 R 16 53 11 42 •X -X-
5 SLI-I 3 L 18 45 12 33 ■x- -X-
Mean 45 12 33 # *
SD of Mean 5 . 8 2 . 5 6 . 8
'* Actual Figure Not Deducible from Charts. See Discussion. 
SD = Standard Deviation.
ending in the dorsolateral tendon was also relatively 
spindle-poor as were the superficial medial parts of this 
head and the whole zone immediately adjacent to the main 
intramuscular tendon. (Fig.56 )• The superficial spindle- 
poor zone on the palmar side corresponded to the group of 
fibres from the miniaponeurosis on that surface. As can be 
seen from the charts in Fig.49-52 this pattern of 
distribution was very consistent in all four series 
charted.
Since Dorsal Interosseus I almost wholly inserted onto 
the base of the first proximal phalanx the majority of 
these qpindles was therefore within this major part. The 
palmar spiralling fibres which were found to insert onto 
the transverse lamina part of the extensor hood were found 
to have a relatively sparser spindle population in almost 
all the series charted.
The average spindle density (relative spindle count) 
for the Dorsal Interosseus I was 8 spindles per gram of 
muscle. The relative count per unit of weight of dry 
muscle was 14 spindles/gram.
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9 Dorsal Interosseus II muscles from 8 -foetuses we re 
studied. The mean absolute spindle count for this muscle 
was 25 spindles with a range between 14 and 38 spindles.
The mean relative count (spindle density) was 7 spindles 
per gram of muscle or 10 spindles per gram of dry muscle 
weight.
Comparing the two heads; the ulnar head was found 
to hold the majority of the spindles. In 3 of the series 
charted the spindles in this head ranged between .65 to 
.73 of the total count. In one series the ulnar head had 
.95 of the total number of spindles.
Proximo-distal distribution in this muscle was more 
widespread than in the case of Dorsal Interosseus I. The 
biggest concentration was mainly in the middle two-thirds 
of the muscle. Although the nerve entered the proximal 
quarter or half of the muscle the main branches formed 
immediately within the muscle ran in a longitudinal direction, 
one proximally and the other distally. This pattern was found 
to be somewhat different to that in Dorsal Interosseus I 
where the nerve branches spread within the muscle in all 
directions, from the point of the main nerve entry.
The spatial distribution of spindles within Dorsal 
Interosseus II also showed a consistent pattern of prominent 
concentrations in several places within one head. In this 
case the spindles within the ulnar head were definitely 
abundant within the extreme palmar and dorsal zones and a 
third concentration in the mid-zone of this head. There 
were two definite spindle-poor intervals both running across 
the whole width of the ulnar head between the above three
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TABLE 1 0  REGIONAL S P IN D L E  D IS T R IB U T IO N  IN  DORSAL
INTERO SSEU S I I  (CHARTED S E R IE S  ONLY)
SERIES SPECIMEN SIDE AGE SPINDLE COUNT
Total Ulnar
Head
Radial
Head
Wing Phalangeal
1 RFHSM 1 L 20 25 16 9 22 3
2 UOS 1 L 18 16 11 5 9 7
3 SLH 1 L 16 22 16 6 14 ' 8
4 SLH 2 R 16 38 37 1 22 16
5 SLH 3 L 18 37 25 12 24 13
Mean 28 21 7 18 9
S D of Me an 9.6 10.2 4.1 6.4 5.1
zones of concentration (Fig. 55 )•
The fibres within which the mid-zone and palmar 
concentrations lay were.followed closely and it was found 
that they were among those destined for the wing portion 
of the extensor expansion. The interval between the 
mid-zone and dorsal concentrations seemed to correspond 
well with the "watershed" between the dorsal fibres of 
the ulnar head destined for the phalangeal tendon and the 
palmar ones destined for the wing tendon. The much 
sparser spindle population of the radial head was scattered 
in that head without any particular pattern being seen.
It was therefore possible to distinguish reasonably well 
and calculate the proportion of spindles in the two portions 
of the extensor apparatus. The phalangeal tendon drew a range 
of .42 to .56 of the total number of spindles while the wing 
tendon incorporated between .44 and .58 of the spindles.
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Seven Dorsal Interosseus III muscles from six foetuses 
were studied. The mean absolute spindle count for 
this muscle was 24 with a range between 19 and 34. The 
relative count (spindle density) was 9 spindles per gram 
of muscle or 16 spindles per gram weight of dry muscle.
There was no conclusive relative predominance 
in the number of spindles from either head of this muscle.
In two series charted the radial head contained .58 and .80 
of the total number of spindles. In one it had only .32 of them 
while the ulnar head had the other .68 of the total.
There was a relative concentration of spindles around 
the middle two thirds of the muscle, the distal group of 
this aggregation being in the palmar part of the radial head.
The nerve to this muscle entered the proximal half i.e. within 
the zone containing the proximal group of this concentration of 
spindles.
The spatial three dimensional distribution showed a 
prominent concentration of spindles in the distal palmar radial 
and proximal dorsal parts of the muscle. The areas of sparse 
spindle distribution were therefore the dorsoradial part, 
notably that zone whose fibres attached to the dorsal part 
of the intramuscular tendon. There is however no phalangeal tendon 
therefore a.11 these spindles lay within fibres destined to the 
wing tendon.
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T A B L E  44  R E G I O N A L  S P I N D L E  D I S T R I B U T I O N  I N  D O R S A L
I N T E R O S S E U S  I I I  ( C H A R T E D  S E R I E S  O N L Y )
SERIES SPECIMEN SIDE AGE
(weeks' >
SPINDLE COUNT
Tot al Ulnar
Head
Radial 
He ad
Wing Phalan­
geal
1 RFHSM 1 L 20 34 16 18 34 Nil
2 UOS 1 L 18 21 4 17 21 Nil
3 SLH 1 L . 16 25 17 8 25 Nil
4 SLH 2 L 16 19 8 11 19 Nil
5 SLH 3 L 18 20 9 11 20 Nil
Mean 24 11 13 24 Nil
SD of Mean 6 .1 5.5 4.3 6 .1
S D  = S t a n d a r d  D e v i a t i o n
Nine Dorsal Interosseus IV muscles were investigated 
from eight foetus^^s . The mean total absolute spindle 
count for the muscle was found to be 19 spindles with a 
range between l4- and 22 spindles. This muscle gave one of 
the most consistent spindle count results. T'otD? of the 
counts lay within the range of 21-22 spindles and of the 
remaining four c o u n t s , although three lay at the bottom 
of the range they differed by only two spindles(i.e . 14, 1 5 , 16, 
and ^6 respectively. The Spindle densi'try liene was 8 
spindles per gram or 17 spindles per gram dry weight of 
muscle.
There were two proximodistal zones of concentration- 
of spindles in this muscle. One was in the distal 
palmar radial part, the other was in the proximal half 
of the dorsal zones of both heads especially the ulnar head.
The overall pattern was such that these two zones were also 
the areas of concentration in the overall three dimensional 
spatial distribution (Fig. 55 )• In one series (Series 4)
the palmar radial part of the muscle was exceptionally 
spindle-poor - only one spindle being seen Therein. However 
this muscle was also rather exceptional as a whole in that it 
had a rather extensive palmar part of the ulnar head extending 
almost to the palmar surface of this muscle. .31 of the 
total number of spindles was contained in this extended part, 
which in the common pattern observed in other muscles, should 
have been incorporated into the palmar radial part. In these 
other series the radial head contained between .53 to .70 of 
the total number of spindles, the palmar radial part
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contributing .57 to .67 of the total radial head spindles.
Taking into account the fact that the phalangeal 
tendon was derived mostly from the fibres of the dorsoradial 
part of the muscle, and the wing tendon from the palmar 
radial and most of the ulnar head; also by referring to 
the serial sections it was possible to work out the number 
of spindles contained within the muscle belly precursors 
to these two parts of the insertion tendon. The wing tendon 
precursors were found to contain between .53 to .82 of the 
spindles as compared to .18 to .47 in the phalangeal tendon.
The overall regional distribution of spindles in the 
dorsal interossei is shown in Fig. 55-
1 4 1
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T A B L E  1 2  R E G I O N A L  S P I N D L E  D I S T R I B U T I O N  I N  D O R S A L
I N T E R O S S E U S  I V  ( C H A R T E D  S E R I E S  O N L Y )
SERIES SPECIMEN SIDE AGE
(weeks)
SPINDLE COUNT
Total Ulnar
Head
Radial
Head
Wing Phalan­
geal
1 RFHSM 1 L 20 21 6 14 17 4
2 UOS 1 L 18 20 6 14 14 6
3 SLH 1 L 16 22 10 12 18 4
4 SLH 2 R 16 15 7 8 8 7
5 SLH 3 L 18 22 9 13 16 6
Mean 20 8 12 13 6
SD of Mean 2.9 1.3 2.5 4.0 1.3
S D  = S t a n d a r d  D e v i a t i o n
As stated in the section on extrafusal fibre 
organisation the Flexor Digiti Quinti was found in only 
five of the eight foetal hands examined. 21 muscles of the 
hypothenar group were examined from 8 foetal hands. In one 
series whole individual muscles were dissected out before 
processing and sectioning thus it was possible to obtain a 
more transverse serial sectional plane for all the muscles than 
in the others where the hand was sectioned en bloc. This was 
particularly advantageous in the comparison of spindle counts 
from the opponens digiti quinti muscles in order to assess the 
possibilities of having missed out any spindles due to the 
irregular oblique and tangential sections obtained by the latter 
technique.
The abductor digiti quinti had the largest absolute 
spindle count in all the series with a mean of 42 spindles, 
followed by the opponens with 29 spindles and the flexor 
(whenever it was present) had between 15 and 18 spindles with 
a me an of 17.
In terms of relative spindle counts (spindle density) 
the opponens and the flexor had equal distribution figures 
of 12 spindles/gram of muscle. The flexor was much 
richer when the density was calculated for dry muscle. The 
spindle densities then were 22 and 32 per gram weight of 
dry muscle for the opponens and flexor respectively. The 
abductor had 7 spindles/gram of muscle or 13 spindles per 
gram weight of dry muscle.
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Eight muscles were investigated. The mean absolute 
spindle count in this muscle was 41 with a range between 
33 anU 59 spindles. The count obtained in the series where 
the muscle was dissected out and sectioned separately was 
36 spindles. There were several lower counts in muscles 
from several other series belonging to different foetuses.
The mean spindle density was 7 spindles per gram or 13 
spindles per gram of dry muscle.
In all the series there was a consistent concentration 
of spindles in the middle third of the muscle. Notable 
proximodistal concentration in the rest of the muscle tended 
to differ slightly. In some series there was a concentration 
in the proximal half of the muscle of more than .70 of the 
spindles, in others there was a similar degree of concentration 
but in the distal half and in one series there was a. uniform 
proximodistal distribution - with almost a third of the total 
number of spindles located in each third. Nerve entry into this 
muscle was at a very early point proximally and from there it 
divided immediately into several branches which extended 
throughout the muscle. The three dimensional distribution of 
spindles was more consistent that the. proximodist al one. In 
all series the sparsest distribution was in the dorsoradial 
zone occupied by the muscle belly which arose from the pisiform 
and which formed the thick prominent dorsoradial tendon 
seen in Figs. 31 SCO-d- 32 The spindles in this belly lay mostly 
in the proximal parts only and contributed to the high 
concentrations found in these proximal parts. The palmar 
zones of the muscle were especially relatively richer in spindles 
in all series. Xn those series where a proximodistal
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concentration was located in the distal parts of the muscle 
this palmar zone was even relatively richer since the dorsal 
part of the muscle had already formed a very extensive 
tendon fascicular system at these levels and therefore 
most of the muscle fibres lay in the palmar part. The part 
of the muscle where the fibres were destined to the wing tendon 
was found to be included in this relatively spindle rich zone 
and contributed most of the spindles seen at most distal 
extremes of the muscle where the other bellies were already 
tendinised and were in the process of delaminating to approach 
the attachments to the phalangeal tendon core.
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Eight of these muscles were investigated - obtained from 
8 foetuses . One of these muscles was dissected out of 
The hand before sectioning and therefore was closer to the 
ideal transverse section series than the rest which were 
sectioned in situ. This point is mentioned in consideration 
of the possibility of any element of error being introduced 
in the counting by the fact that with the latter technique 
the muscle fibres were inevitably cut at all sorts of 
irregular oblique and tangential planes as the fibres crossed 
from their medioproximal origin to the laterodistal insertion.
The mean absolute count was 29 spindles with a range 
between 22 and 33 spindles. The count in the muscle which was 
sectioned after separation from the hand was 2 2 spindles.
Of those muscles sectioned in situ the counts ranged between 
29 and 33 with a mean of 30 spindles.
The spindle density was found to be 12 spindles per gram of 
muscle or 2 2  spindles/gram of dry muscle.
There was a conspicuous sparseness of spindles in the 
superficial palmar zones corresponding to the palmar tendon 
system seen by microdissection. Elsewhere in the muscle the 
distribution was spread out within the whole cross-section.
The proximodistal distribution in more than half the specimens 
showed a distal concentration excep’t in one series in which 
the proximal half contained as many spindles as the distal 
half. This was one of the series from the pair obtained from 
the same foetus. In the second hand from this foetus the 
spindles were definitely more concentrated in the distal half 
which contained more than .66 of all the spindles seen in the 
whole muscle.
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This muscle was only found in 5 out of the 9 hands which 
were sectioned en bloc. In one series where the muscles were 
sectioned separately it was difficult even under the 
dissecting microscope to distinguish a separate flexor belly and 
determine its exact extents from the other two hypothenar 
muscles. The counts obtained from these two latter muscles 
suggest that most probably there was no separate flexor. In 
both hands of the pair obtained from the same foetus (Series III 
and IV) there was no flexor digiti minimi. (Fig. 33 ).
In the five muscles investigated the total absolute number 
of spindles was consistent, ranging between 15 and 18 spindles, 
with a mean of 17 spindles. The relative count (spindle 
.density) was found to be 12 spindles per gram of muscle or 3 2  
spindles/gram of dry muscle. No significant proximodistal 
concentrations were noticed the spindles were spread
throughout the whole length of the muscle. The muscle was. 
present in only two of the series charted. The three 
dimensional distribution was also unremarkable except for the 
observation that there were no spindles at the extreme 
peripheries of the circumference of the muscle.
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TABLE s,-z NEUROMUSCULAR SPINDLE COUNTS IN THE'THENAR 
AND HYPOTHENAR MUSCLES.
SERIES SPECIMEN APB FPB OP AP TOTAL ADQ ODQ FDQ TOTAL
1 RFHSM 1 36 38 49 55 178 59 29 18 106
2 UOS 1 34 33 41 65 173 33 33 17 83
3 SLH 1 37 30 2 2 55 144 33 29 Abs 62
4 SLH 2 34 29 24 55 142 44’ 30 Abs 74
5 SLH 3 37 37 30 78 182 43 32 16 91
6 SLH 4 35 32 32 * (99) 45 27 17 89
7 RFHSM 2 * * * * (109) 36 22 15 73
8 SLH 5 35 34 40 * (109) 38 28 18 84
Mean 35 33 34 62 164 41 29 17 87
SD of Mean 1.3 3.4 9.8 1 0 . 1 8 . 6 3.4 1.3
Mean Muscle 
Weight (1) 4.3 3.7 3.3 7.6 18.6 5.8 2.4 1.4 9.6 .
Mean Muscle 
Weight (2) 2.3 2 . 6 1.9 4.3 1 1 . 1 4.8 1.3 0.5 6 . 6
Mean Spindle 
Density Ratio(1) 8 9 10 8 8 . 8 7 12 12 9,0
Mean Spindle 
Density (2) 15 13 18 13 14.7 13 2 2 32 13.1
Abs = Absent
* Denotes specimen unsuitable for counting or count not
done for reasons mentioned in Section on Materials 
and Methods.
(1) In the wet condition
(2) In the dry condition 
SD = Standard Deviation.
28 of these muscles were investigated, obtained -from 
seven different hands, only one pair among them being from 
the same foetus. All these muscles were sectioned in situ.
As in the case of some of the hjzpothenar group of muscles 
this method meant that it was inevitable that some of these 
muscles had to be divided, notably the adductor pollicis, 
opponens pollicis (deeper part - see section on Microdissection) 
along irregular oblique, tangential and even longitudinal 
planes. The spindles included in them were therefore 
very likely to be missed completely if even just a small 
gap occurred in the sequence of the serial sections. The 
overall diameter of the spindle was even smaller in the 
younger foetuses and the counts obtained from these were 
even more prone to be affected.
The recount done particularly for the hypothenar group 
of muscles did not however differ very much from the 
preceding counts.
As explained in the section on materials and methods 
spindle distribution charting for the adductor was abandoned 
for the same reasons. For the transverse head of this 
muscle it was virtually impossible to convert the distribution 
of the spindles encountered in their longitudinal axis to 
their relative positions on the overall transverse sectional 
chart seen in Fig.
The spindle distribution results in this subsection are 
therefore mainly concerned with the other three muscles of the 
thenar group i.e. the opponens, and abductor brevis, although 
the total spindle count results for the adductor will also
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The total absolute spindle count results for all 
these four muscles were consistent, except for the 
opponens where the counts obtained from the pair of hands 
from one of the younger foetuses was prominently lower 
than those from older foetal hands.
The adductor pollicis, being the bulkiest, also 
had the largest absolute number of spindles with a mean 
of 62 spindles. The other three thenar muscles had almost 
equal absolute number of spindles only varying by 2 spindles 
between a mean of 33 spindles in the flexor pollicis brevis 
and a mean of 35 spindles in the abductor pollicis brevis.
The count for the opponens lay in between these two, with 
a mean of 34 spindles.
The opponens had the greatest spindle density both 
in the wet and dried conditions, of 10 spindles/gram and 
18 spindles/gram respectively. The flexor pollicis brevis 
had the next largest density of 9 spindles/gram in the dry 
condition while the other two each had 8 spindles/gram. In 
the dried condition the abductor was richer than the flexor 
with 15 spindles/gram whereas the flexor and adductor each 
had -13 spindles/gram weight of dry muscle.
Spindle distribution concentrations were more 
remarkable and consistent in the abductor and opponens 
than in the flexor (Fig. ). No distribution chart is 
presented for the adductor, because the spindle count in this 
muscle was deemed too prone to error in these hands sectioned 
en bloc. (See also Discussion).
b e  g i v e n .
Seven muscles were studied. The mean absolute spindle 
count was 35 spindles with a very narrow range of 34 to 37 
spindles. The counts obtained from the pair of hands from 
the same foetus were at the two extremes of the range.
The spindle density was 8 spindles/gram of muscle and 
in the dried condition it was 15 spindles/gram weight of dry 
muscle.
There was a definite proximodistal pattern of spindle 
distribution in all the series charted with the greatest, 
concentration lying in the proximal third of the muscle.
This also corresponded with the pdnt of nerve and nerve 
entry and main nerve branching. In this muscle the nerve, 
a very early sub-branch from the recurrent muscular branch 
of the median nerve, entered the proximal part of the medial 
belly at the level of the base of the first, metaczirpal .
From this medial aspect it spread horizontally across muscle 
at first with other sub-branches coursing vertically up 
the muscle to the more distal parts.
Three dimensional distribution charting placed this 
concentration in the proximal central portion of the 
muscle with the medial extremes the most ulnar belly of 
this muscle having zi much sparser spindle population. The 
most lateral portion of the muscle was relatively spindle 
poor and further distally this part formed a tendon much 
earlier than the rest of the muscle.
The zone from which muscle fibres attached to the 
radial wing tendon of the thumb included part of the main 
spindle-rich central zone as well as some of the spindle- 
poor medial belly of tlie muscle. The phalangeal tendon
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included all the much spindle-poorerlateral belly and a 
part of the central spindle rich zone as well. Considering 
the relative number of fibres contained in each zone and 
the degree of spindle-richness observed in the two parts 
an approximate relative estimate could be made that the 
wing tendon fibres were richer in spindles than the 
phalangeal tendon.
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Seven of these muscles from six foetuses were 
studied. All of them were sectioned in situ. The mean 
absolute spindle count was found to be 34 spindles with 
a range between 22 and 49 spindles. The counts from the 
pair of hands from the same foetus lay at the bottom of 
the range (22 and 24 spindles). The other older foetal 
hands all gave a much higher spindle count ranging between 
50 and 49 spindles with a mean of 38 spindles.
The relative spindle count (spindle density.) for this 
muscle was 1 0 spindles/gram of muscle or 18' spindles/gram 
of dry muscle. Excluding the two younger foetal hands 
with the much lower spindle counts the densities for the 
remaining five work out to be 11 and 2 0 spindles/gram in the 
wet and dried conditions respectively.
There was no remarkable proximo-distal pattern of 
spindle distribution noted in this muscle.
Spatial distribution however was found to place a 
greater number of these spindles within the superficial 
less oblique belly of the muscle (See Opponens Pollicis: 
Microdissection). For the more horizontal deep belly the 
equatorial zones of the spindles lay in the central parts 
of the muscle- and hardly any were seen at the peripheries 
except for that most lateral part of the deep belly whose 
fibres had a similar orientation to that of the superficial 
belly.
Opponens fibres attach to the shaft of the first 
metacarpal at all levels. There was however no definite 
pattern of spindle concentration which could be related 
to more specific levels of the metacarpal shaft except to
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the distal half to which the superficial belly attaches.
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Seven of these muscles were studied for their spindle 
count and distribution. They were obtained from six 
different foetuses only one pair coming from the same 
foetus which was 16 weeks old.
The mean absolute spindle count for this muscle was 
33 spindles with a range between 29 and 38. The counts 
in the two hands from the same 16 week old foetus lay at 
the bottom of the range and a recount did not produce any 
different results.
There was a proximodistal pattern in three series 
where there was a concentration of spindles in the distal 
third of the muscle in two of them and in the proximal 
half in one of them. In the other two series where the three 
dimensional spindle distribution for this muscle was 
charted there was no conclusive proximodistal pattern 
noted. As seen in Fig. 55 the cross-sectional distribution 
was patchy with the spindle-poor zones lying mainly at the 
most lateral and medial extremes of both heads and an 
additional small zone in the deep head lying immediately 
dorsal to the sheath of the flexor pollicis longus.
Since the flexor- pollicis brevis does not appear to 
contribute to the wing tendon of the thumb, all the 
spindles found in it are within muscle fibres destined to 
the phalangeal base tendon either via the radial sesamoid 
or directly alongside the abductor tendon. No further 
allocation was done with regard to spindle distribution 
within fibres destined to these latter two categories of 
the phalangeal tendon bands.
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In all 28 lumbricals from 7 f o e t u s e s  were studied 
for their spindle counts. The neuromuscular spindle count in 
them was as shown in Table 14 . In all cases the first lumbrica]
had the biggest absolute count and the fourth lumbrical had the 
lowest. In terms of relative spindle counts the order is 
reversed to L3 , L2, L4 and Li. The spindle densities were 
outstandingly higher than those found in the other intrinsic 
muscles. This observation is true both for spindle densities 
obtained using weights in the wet condition and those using 
the weights of the same muscles after dessication.
There was no specific zonal groupings or concentrations 
of the spindles in any lumbrical muscle except at the points of 
nerve entry where they were seen to be somewhat more abundant 
than elsewhere. Otherwise these receptors appeared uniformly 
dispersed within the whole muscle except for a short distance 
next to their origins and insertions. The nerve branches to the 
first and second lumbrical entered them from the palmar aspect 
while those to the two ulnar lumbricals entered them from the 
dorsal aspect. The proximodistal level of entry of these 
nerves varied slightly between the middle third of the muscle 
or the proximal third^ (Fig*qgc)•
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TABIE: 1Z(. HEUROMUSCUIAR SPIHDIE CCXIHTS IH THE EOMERICALS .
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SERIES SPECIMEN El L2 L5 E4 TOTAE
1 RPHSM 1 58 45 55 28 162
2 U0S1 60 45 58 51 174
■ 3 SIH1 57 56 28 50 151
4 sn-12 56 58 54 26 151
5 SIH5 61 44 40 52 177
6 SLH4 60 45 58 50 175
7 RPHSM2 59 42 56 51 168
10 RPHSM3 58 40 57 29 164
Mean 59 42 56 50 164
S.D. 1.7 5.5 co•rc\ 1.9 10o0
Mean W'fc (-I) 1.3 1.0 0.6 0.4 5.5
Mean 
Wt (2) 0.7 0.5 0.4- 0.5 2.0
(Mean) 
Si) indie 
Density (1) 39 42 60 75 51
(Mean)
Spindle
Density (2) 84 70 90 100 84
S.D<* =Standai?d Deviation\
(1) = in tHe wet condition
(2) - in tHe dry condition
Figs. 49 -52&55.Relative Distribution Charts of 
Neuromuscular Spindles in the Intrinsic 
Muscles of the Hand for the Series 1 - 4. 
A single midhand cross-sectional outline 
has been chosen and the zonal locations 
of the spindles in the more proximal and 
distal parts have been worked out from 
largee original charts. This was done for 
the purposes of added clarity within the 
17 muscles in each section.
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Fig. 4 9  The relative distribution o f  Nauromuscular
Spindles in the individua.1 intrinsic muscles 
of the hand in Series 1. For each muscle 
the areas with darker shading represent the 
zones of relatively sparser spindle 
distribution. For key to Muscles see Fig.57®
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Fig. 50 The relative distribution of Neuromuscular
spindles in the individual intrinsic muscles 
of the hand in Series 2. For each muscle 
the areas with darker shading represent the 
zones of sparser spindle distribution. For 
key to muscles see Fig. 5 7  «
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Fig. The Relative Distribution of Neuromuscular
Spindles in the individual Intrinsic Muscles 
of the Hand in Series 3. For each muscle 
the areas with darker shading represent the 
zones of relatively sparser spindle distribution. 
For key to Muscles see Fig. 5 7  •
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Fig. 52 The relative distribution of neuromuscular 
spindles in the intrinsic muscles of the 
hand in Series 4. For each muscle the darker 
areas represent the zones of relatively 
sparser spindle distribution. For key to the 
muscles see Fig. 57®
COUNTS AND DISTRIBUTION.
One useful practical application of the spindle count 
and distribution results obtained is the location of convenient 
sites for biopsy purposes as suggested by Sahinnen et al (1972). 
Of all the muscles easily accessible by the easier approach 
through the thin skin on the dorsum of the hand, Dorsal 
Interosseus I and Abductor Digiti Quinti have particularly 
conspicuous concentrations which can be reached. Judging from' 
the serial sections, an incision over the radial head of the 
Dorsal Interosseus I, at a level along a transverse line from 
the dorsal end of the first metacarpophalangeal joint flexion 
crease, should expose the zone of a large spindle concentration 
in the central fibres of this head. See Section A(ii). For 
the Abductor Digiti Quinti, skin incision over the ulnar border 
of the hand at a level halfway from the wrist and the fifth 
metacarpophalangeal flexion creases should expose the relevant 
zones in this muscle. In this muscle one has to remember that 
these zones are more on the palmar aspect (Fig. 33) and therefore 
must avoid especially the dorsoradial fibres. For both muscles, 
and indeed all the hand muscles investigated these areas of 
spindle concentration lie near the points of main nerve 
branching and the necessary caution must be observed.
Probably the most significant finding of functional 
relevance was the apparent very close correlation between the 
zones of high spindle concentration and the longer extrafusal 
fibres in all the hand muscles investigated. This correlation 
was particularly evident in muscles like the Dorsal Interossei 
where there was a very obvious significant difference in the
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lengths of the fibres within the different groups. This 
finding is of interest when the sensory function of the hand 
muscles is also considered.
Comparison of the charts in Figs. 55 and 56 will show 
the actual zones. They represent the relative differences 
within each individual muscle. In the bifid muscles the zones 
with the longer fibres are in practice even spindle-richer 
than they would appear at first sight. This is because within 
an equal space the muscle bellies with the longer fibres can 
accommodate fewer of these fibres than is the case for the 
shorter more oblique fibres. Since neuromuscular spindles 
are arranged in parallel with the extrafusal fibres (Matthews, 
1972) these zones with the longer fibres will therefore have 
a greater absolute number of spindles arranged within "bile 
relatively fewer extrafusal fibres. This numerical relation­
ship by itself suggests a more sensitive provision in these 
zones than in those spindle-poor ones with the shorter fibres, 
at least as far as spindle stretch reception is concerned.
An observation has been made in the previous part that the 
longer muscle fibres provide a mechanism by which tendon 
movements can be graded through a longer range of con­
traction Fig. ,48 ii is reasonable therefore to infer that 
these spindle-rich zones with the longer fibres are better suited 
to provide more of the precision element of the movements 
performed by the muscle as, a whole. The shorter spindle-poorer 
groups of fibres are then likely to provide moire the power 
than precision element.
For non-bifid or fusiform muscles e.g. the Abductor Digiti 
Quinti, the correlation of high spindle concentration and 
greater extrafusal ‘length should in,theory have the same effects.
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One difference, however, is that the arrangement of the 
fibres does not necessarily allow as significant a numerical 
preponderance within the muscle bellies with the shorter 
fibres as is seen in the pennate arrangement.
The spindle density values obtained have to be used 
with caution like any others in which muscle weights are used 
as one of the parameters. It will be seen from Tables £5,£,&7; 
that the variance of the values of muscle weights in the 
fifteen hands is very considerable. Also the spindle counts 
were done on different subjects (foetuses) from those whose 
muscle weights were investigated. The statistical validity 
of the mean muscle weights obtained from the adults being used 
with the foetal mean spindle counts is questionable. Other 
significant factors are involved when considering the validity 
of the spindle density values obtained by this method.
Spindle population density values worked in terms of 
number of spindles per gram of muscle are bound to vary accord- 
ing to the subsequent development of the muscle, a factor which 
clearly depends upon how active the muscle is as well as the 
status of nutrition, among other factors.. What is even more 
important is that the more active the muscle the heavier it 
becomes and its spindle population density is therefore bound 
to decrease.
Pooling density values obtained from different age groups 
and estimating the average value would still not eliminate 
the discrepancies arising from the factors mentioned above.
The most representative ratio for accurate comparison would be 
the number of spindles per unit number, of extrafusal fibres 
since, under normal circumstances of growth and development
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none of these parameters should change after the quoted intra­
uterine age. (There may however be "normal" senile atrophic 
changes in the elderly, but even then the relative density would 
be taking into account the functional extrafusal fibre count 
and therefore, would still be more accurate).
Gregor (1904) attempted to circumvent these pitfalls by 
determining muscle spindle density indices by counting spindles 
per section of muscle. Working longitudinally from origin to 
insertion at fixed intervals he used the maximum density index 
figures he obtained for each muscle to represent the relative 
abundancy of spindles for the muscle. He found that these 
sections with maximum spindle density indices corresponded to 
the ones with the largest cross-sectional areas. To some extent 
this conforms with the findings of the proximodistal distribution 
of muscle spindles in individual muscles by Cooper and Daniel 
(1949) and Barker (1962). The latter authors found that the 
main concentration of musole spindles was around the point of 
nerve entry into the muscle which is normally in the middle in 
fusiform-shaped parallel fibred muscles and the wide 
parts near the base in the bi- or multipennate muscles - at 
least for hand muscles. This observation is supported by the 
findings in this study where this feature was seen in all the 
muscles studied. This does not however hold for other muscles 
e.g. in extra-occular muscles where Cooper and Daniel (1949) 
found that spatial distribution tended to be greatest near the 
origin, less near the insertion and almost none near the main 
nerve branches and in the midzone where only motor endings 
abound. (See Fig. 53 )
Numerical distribution', morphology and innervation patterns 
of neuromuscular spindles vary quite considerably between humans
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Fig. ^  The Spatial Distribution of Muscle Spindles 
in an extra-occular Muscle (After Cooper and 
Danie1, 1949).
SOLEUS LAT. GASTROC.
Fig. 54 The Position of Muscle Spindles in two
Muscles of tlie Cat In relation to their 
Ferve Supply. (A Copy from Matthews,. 1972)
and other species (Cooper - cat, 1966; Voss, 1957; Gregor, 1904: 
Schulze, 1956 - human.; Richmond and Abrahms, 1976; Barker, 1960- 
cat and frog; Barker and Hunt, 1964 and Barker and Stacey,
1970 - rabbit).
One cannot therefore borrow figures obtained from one 
species for use in numerical analysis of another.
To illustrate what a problem the difference in muscle 
weights can cause in determining the significance of spindle 
densities, the works of Theile (1884), Voss (1957) and 
Schulze (195 5) can be quoted.
In his comprehensive compilation of adult human muscle 
weights from the work done by Theile in 1884, Voss in 1957 
gives the weights of the following muscles as shown in Table 15 
On the other hand, Schulze who was working under Voss in 1956 
gave the totally different weight values shown for the thenar 
muscles of the hand and based her spindle density figures upon 
them. Voss himself in another publication in 1957 used other 
different figures for the lumbrical muscle weights.
TABLE 15
1 6 9
MUSCLE MUSCLE WEIGHTS TOTAL
NMS
(Schulze 
& Voss)
SPINDLE DENSITY USING
Theile Schulze Voss Theile1s Schulze's Voss f s
1884 1956 1957 Wts Wts Wts
APB 6 .2 2.7 80 13 29
*FPB (Total) 12.7 3.8 54 4
(+223%)
14
OP 8 .6 2.5 44 5
(+350%)
18
*AP( Total) 5.3 6.5 75 14
(+360%)
1 1
* Hand
(-2 1%)
Lumbrical s
(Total) 4.7 7.8 130 28 17
(-39%)
*"Total" refers to the entire muscle with all the heads considered The figures in brackets are the % variations from the values 
obtained using Theile's weights.
(NMS ~ neuromuscular, spindles)
Numerous subsequent reviews on human spindle densities 
and categorisation into spindle-richer and spindle-poorer 
muscles have been mostly based upon these findings. However 
one will see how big a difference there is between the results 
obtained using Theile!s weights and the others obtained by 
subsequent workers. For example the densities in the figures 
from Table 15 would therefore categorise a muscle like the 
opponens pollicis as very spindle-poor (by Voss w . r . I; . Cooper’s 
(1966) figures) and very spindle-rich using Schulze's weights.
It is with these limitations in mind that the values obtained 
in this study are interpreted below. It is evident from.the 
order of spindles densities’ in the preceding' tables and from 
the various results that liave been recorded in the literature 
that the lumbrical muscles stand out on their own with very much 
higher spindle densities than any of the other muscles in the 
hand. Even with the limitations outlined above it is likely 
that this numerical relationship is true because of the observed 
absolute counts within the lumbrical muscles and their observed 
small sizes in comparison with that of the rest of the muscles.
All the lumbricals also have a fusiform extrafusal fibre arrange­
ment which renders them even spindle richer in terms of extra- 
fusal fibres/spindle ratio (see above).
An attempt has been made to calculate the regional 
distribution of spindles in the wing and phalangeal tendons 
of the five digits (Tables 12*^0 13 ). As far as the quoted
spindle counts in the muscles which contribute to these tendons 
are concerned, they represent the actual figures observed therein. 
It was possible to work out the demarcation between the muscle 
fibre groups and their spindle counts to each of the two 
interosseus tendons except in Dorsal Interosseus I. In the
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latter’s case as well as the Abductor Digiti Quinti it was 
impossible to allocate numerical values of the spindles in 
the two parts. It was however clear from the spindle distrib­
ution charts that the fibres destined to the wing tendon in 
Dorsal Interosseus I lay within the spindle-poorer zone and 
those in the abductor digiti quinti within the spindle-richer 
zone compared to the rest of each muscle. A remark has there­
fore been made in Table 13 to denote whether they are 
(relatively)spindle richer (SR) or spindle-poorer.The "wing" 
tendon of Dorsal Interosseus I is accompanied by the tendon 
of the definitely spindle-rich Lumbrical I (see above). The 
overall remark for these non-phalangeal tendon bands as a unit 
from the two muscles is therefore Spindle Rich (SR) . [jhe Terms 
"spindle-rich" and "spindle-poor" refer to regional spindle 
distributions in the individual muscles in the distribution 
charts and the regional absolute spindle counts. They do not 
refer to specific numerical degrees of spindle densityj.
Because of the rich contribution from the lumbricals all 
the radial wing tendons have higher spindle densities than the 
corresponding ulnar wing tendons.
For the index and middle fingers where there are phalangeal 
tendons on the radial side, it also implies that the radial wing 
tendons are likely to have higher spindle densities than the 
phalangeal tendons. Since the ulnar sides of these two digits 
have no phalangeal tendons the inference that can be made here 
is that the wing tendons operate the extensor apparatus of these 
two fingers by the action of muscle fibre groups with a higher 
spindle density than the corresponding phalangeal tendons. It 
is worth mentioning here in passing that from the extrafusal 
fibre organisation, the mechanism operating the forces on the
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same two fingers (see above) was found to be derived in such 
a way that the wing tendons were in theory better suited for 
metacarpophalangeal flexion and abduction. The inference from 
these two findings together is discussed later.
For the ring finger (Digit 4) there is no phalangeal tendon 
on the radial side. The wing tendon derived from the third 
lumbrical and Palmar Interosseus II performs all the movements 
on that side of the finger. On the ulnar side the results 
obtained for the regional distribution for the wing and phalangeal 
tendon were considered aS'. inconclusive.
For the little finger the radial side has a wing tendon 
only. On the ulnar side the wing tendon is derived from within 
the spindle-richer zone of the muscle. As explained before? the 
rest of the muscle which attaches to the phalangeal tendon 
includes the spindle-poorer • zones. In those hands with no 
flexor digiti quinti therefore' this latter distribution factor 
makes the phalangeal tendon as a whole spindle poorer than the 
wing tendon which is derived only from'the spindle rich zone of 
the abductor. This relationship is represented in the Tables by 
•the same spindle density figure with + and - signs for the wing 
and phalangeal tendons respectively. It is also worth mentioning 
here that the spindle-richer wing tendon fibres are among the 
palmar group where a component capable of flexing the fifth 
metacarpophalangeal joint was suggested in a preceding section.
It is however impossible to say using only the available 
data whether the wing tendon would still be relatively spindle- 
richer than the phalangeal tendon derived from both the abductor 
and flexor digiti quinti in those' hands where this latter muscle 
is present.
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From the available data it is also possible to work out 
the relationship only on the radial side of the thumb (see 
Section on Thenar Muscles above). Here the wing tendon was 
derived from the spindle-rich zone of the abductor. The 
phalangeal tendon was from the flexor and a mixture of the 
spindle-rich and spindle-poor zones in the abductor. Since the 
observed spindle density of the flexor pollicis brevis as a 
whole is lower than that of the abductor, the phalangeal tendon 
as a whole is bound to be spindle-poorer when compared to the wing 
tendon derived from only the spindle-richer zone of the abductor.
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Fig. 55 The Overall Relative Distribution of
Neuromuscular spindles in all the charted 
Series. For each muscle the darker shaded 
zones have relatively sparser spindle 
distribution. For key to muscles see Fig .57
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Fig. 30 Relative Muscle Fibre Length Variation 
in individual Intrinsic Muscles of the 
Hand. The darker-shaded areas contain 
the shorter fibres in each muscle.
Fig. 37 Key to Figs. 4-9 to 56
There appears to be a close correlation between the 
zones of higher neuromuscular spindle concentration and the 
longer extrafusal fibres in each hand muscle. This association 
is worth emphasising for its consistent appearance in all the 
investigated hand muscles and its likely functional significance.
Spindle densities obtained using muscle weight as a 
parameter need to be used with caution in comparison studies 
because of their limited representative values. The extrafusal 
fibre count per given number of spindles (cf.the motor unit) is 
suggested here as the best alternative representative index.
Among the hand muscles all the lumbricals appear to have 
outstandingly higher spindle densities than the others; a 
conclusion to this effect appears reasonable even with the 
limitations involved. The radial wing tendons of Digits 2 to 3 
therefore have higher spindle densities than the ulnar tendons. 
There also appears to be a difference in the regional numerical 
distribution of spindles within the muscle fibres to the wing 
and phalangeal tendons where these two bands coexist.
The convenient muscle biopsy sites for studies on neuro­
muscular spindles have also been suggested.
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D ( x v i i )  C O N C L U S I O N S .
The analysis in the preceding chapters can now be put 
together to obtain the composite picture which emerges from 
all these investigations.
To start with the role of the lumbrical musculature can 
now be discussed further. The spindle counts and densities 
observed in these muscles place them in a rather unique category 
compared to the other intrinsic hand muscles. Their very rich 
endowment with spindles within a fusiform extrafusal fibre 
arrangement and their small sizes, together with the features 
and findings analysed in the section on Lumbrical patterns, 
suggest that these muscles probably have a sensory role of a 
more predominant, significance than their motor one.
Such a sensory role has only been "conjectural" before 
(Backhouse 1968) although the observation'of the lumbrical 
attachments bridging the flexors and the extensors has been 
recognised as of some interest. It is unique in that at both 
ends the lumbricals are attached to mobile tendons and also 
in that the muscles contain proprioceptive end-organs placed 
across and in contact with two antagonist muscle groups, namely 
the extrinsic long extensors and flexors of the hand. Function­
ally this implies that, for instance, in the clawing position, 
the lumbrical spindles are elongated and therefore in theory 
stimulated more than those of the interossei. This is because 
in addition to the passive stretch that these two groups undergo 
via the lateral tendons during interphalangeal flexion and 
metacarpophalangeal extension, the lumbricals alone undergo 
additional passive stretch by the shortening of the flexor 
profundus. In unclawing of the fingers then? the lumbrical
1 8 0
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spindles shorten starting from this point to that of 
full contraction where the mobile origin on the yielding 
flexor profundus tendons allow them to shorten even more.
In theory the spindles can shorten even further after maximal 
extrafusal fibre contraction from stimulation by the gamma 
fusimotor nerves of the intrafusal fibres (Matthews 1972,
Uehara 1975). The whole available range between full shortening 
and full elongation of the lumbrical is therefore uniquely 
extended to offer finer grading theoretically capable of more 
precise and discriminatory peripheral stretch sensation.
In curling movements from the clawing position the 
lumbricals are the only intrinsic muscles which undergo elong­
ation rather than shortening. The interossei become involved 
then in metacarpophalangeal flexion (see Literature Review) and 
the flexor profundus undergoes further shortening proximally 
drawing with it the origin tendons of the lumbricals. It has 
already been stated that the lumbrical during metacarpophalangeal 
flexion does not actively contract against the flexor profundus 
(Thomas, Long and Landsmeer, 1968; Landsmeer 1976). If the 
interphalangeal joints are then extended with the metacarpophal­
angeal joints still in flexion, the flexor profundus relaxes to 
permit the interphalangeal extension, and the lumbricals are 
known to actively contract then (Backhouse and Catton, 1968).
Here too the range of shortening for the same movement is then 
greater in these spindle-rich lumbricals than in the inter­
ossei, implying another situation where they can give finer 
gradation of proproprioceptive reception within them. The full 
range of digital movement from full curling to full extension can 
also be shown to have a wider range of spindle length change in 
the lumbricals than the interossei following the same dimensional
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It is interesting that in theory then the activities 
of the sensory mechanism proposed above by the author should 
not be reduced in qualitative terms by any of the size or 
double lumbrical insertion anomalies observed in the preceding 
study of lumbrical patterns. As long as the lumbrical length 
and its spindle density remains unaltered, the same mechanical 
and neurophysiological relationships should be retained. In 
anomalies where a digit has no lumbrical inserted upon it, 
obviously this lumbrical proprioceptive mechanism will also be 
absent.
1 8 2
c o n s i d e r a t i o n s  a s  w o r k e d  o u t  a b o v e .
According to the preceding analysis, except on the 
ulnar sides of the ring finger (Digit 4) and the thumb 
(Digit 1), wherever a wing tendon coexists with a phalangeal 
one the former appears to be spindle-richer or to have an 
actually higher spindle density than the accompanying phalangeal 
tendon. In all of these situations too the wing tendon is 
derived from among the longer (if not the longest) fibres of 
the muscles of origin.
The apparent exception is the radial wing tendon of the 
index; when considered as a unit from both Lumbrical I and
Dorsal Interosseus I, however, it presents a similar relation­
ship in that the lumbrical fibres are longer than the longest 
of the interosseus fibres to the phalangeal tendon.
The combination of greater fibre length and relative 
spindle richness strongly suggests finer control and hence a 
precision element. When the whole muscle attached to the wing 
and phalangeal tendons contracts to cause the same movement 
at a joint e.g. abduction or flexion of the metacarpophalangeal 
joint, the contributions of these two tendons are likely to be 
of that qualitative order. The wing tendon will provide pre­
dominantly the precision element, whereas the. phalangeal tendon 
will provide more of power than precision element.
If attention is now focussed at the "precision tripod" 
consisting of the three radial digits, a mechanism presents 
itself which should in theory have particularly significant 
bearings upon the involvement of these three fingers in 
precision handling. It has been derived from the scheme of 
forces developed in a preceding Chapter that the radial wing 
tendon of the middle finger appears better suited for both
. 1 8 3
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metacarpophalangeal flexion and radial abduction than the 
phalangeal tendon. For the index, the main abductor was seen 
in a preceding Section to be the spindle-richer and much 
longer radial head fibres, which in addition to offering this 
apparent precision element,is placed, by opposition of the 
thumb, into a new plane where it is capable of reinforcing the 
flexion as well. Metacarpophalangeal flexion and abduction of 
these two fingers are two of the prime movements within the 
tripod for precision grip (Napier 1960). They approximate 
the pulp areas of the index and middle fingers to that of the 
thumb which is in turn drawn inward in opposition to them.
This latter movement involves, among other factors, abduction 
at the metacarpophalangeal joint of the thumb (Napier 1956) 
in which the abductor wing tendon is involved. The whole 
system therefore incorporates the predominant precision elements 
available from each of these three fingers. It should then be 
recalled here how the predominance of the precision over the 
power elements, is the determinant of the anatomical character­
istics of the ensuing prehensile movement. From this then the 
composite picture conforms well with the precision functional 
requirements of these three digits.
In the power grip on the other hand, the index and middle 
fingers are flexed (with the aid of the long flexors) laterally 
rotated and inclined towards the ulnar side of the hand. The 
thumb meanwhile is adducted at metacarpophalangeal and carpo­
metacarpal joints (Napier, 1956).
The above predominantly precision elements are then no 
longer all in use simultaneously and instead a considerable 
power element is•introduced and the ulnar wing tendons are 
involved.
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For interphalangeal extension only the wing tendon of 
any digit can participate as the phalangeal does not cross the 
relevant joints. Since there was no digit on which the wing 
tendon was found to be spindle-poorer than the phalangeal, the 
findings suggest that these joints are. extended under relatively 
finer stretch control than if the phalangeal tendons were 
involved.
On the whole the overall picture suggests that the two 
phalangeal tendons (other than those of Dorsal Interosseus I and 
the abductor digiti quinti) are positioned in a functionally 
less favourable manner for any of the movements of the digits 
concerned. The latter two phalangeal tendons, however, are of 
predominant importance in one way or another considering 
precision and power elements.
At this point it may be worth looking at the data available 
on the whole upper limb. Fig. 4 shows the order of spindle 
density indices as worked out by Gregor (1904). Although even 
his method is still subject to the limitations referred to 
previously, his findings for muscles of the same foetal upper 
limb, as shown in the graph, present a rather interesting order. 
It will be seen that the spindle density indices progressively 
decrease according to the proximodistal location of the muscle 
on the upper limb. The deltoid thus has the lowest index and 
the lumbricals have the highest. The only other directional 
order that comes to mind is the differentiation of the foetal 
limb muscles which Bowden (1954) found to follow the same 
proximodistal sequence. It is not clear what the correlation 
may be between the two findings. One can only forward a cautious 
inference that Gregor’s findings may suggest a decrease in the 
fineness of control of movements as one goes from the distal to
1 8 5
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the proximal joints. It is uncertain too whether the 
original findings of Bahinski quoted by Gregor (1904) that the 
upper limb extensor muscles were spindle-richer than the flexors 
can be taken to imply a similar qualitative functional order.
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At least three emphatic conclusions can be drawn for 
the human intrinsic hand musculature in general:
(a) There is a close correlation between zones of high spindle 
concentrations and the longer extrafusal fibres within 
each individual muscle. This association strongly implies 
that these spindle-richer longer extrafusal fibre groups 
are capable of finer control and precision than their 
shorter spindle-poorer counterparts.
(b) The biomechanical arrangement presented by the thumb, 
index and middle fingers in the precision tripod, appears 
to have special qualitative neuromuscular features which 
conform with its requirements for precision prehensile 
movements. There is no similar compact arrangement on the 
ulnar side of the hand.
(c) The lumbrical muscles are richly endowed with neuromuscular 
spindles and their spindle densities appear to be uniquely 
far greater than those of any other intrinsic muscle. Their 
attachments bridging the wing flexor and extensor of the hand, 
places their rich proprioceptive sensors in contact with 
these two muscles simultaneously in a special arrangement.
The hand movements which occur then stimulate their pro­
prioceptive sensors through a longer range than the other 
corresponding intrinsic muscles. Also the simultaneous 
mobility of both their origins and insertions in some 
instances renders them additionally sensitive. In comparison, 
their motor role is most likely to be of secondary and 
incidental significance.
Finally, it appears that the wing tendons of the middle 
and ring fingersfunctionally predominate over the phalangeal
C O N C L U S I O N S
t e n d o n s  i n  a l l  m o v e m e n t s  o f  t h e s e  t w o  f i n g e r s .  T h e  r e v e r s e  
i s  t r u e  f o r  t h e  i n d e x  a n d  l i t t l e  f i n g e r  a l t h o u g h  i n  t h e  
l a t t e r  t h e  w i n g  t e n d o n  a p p e a r s  t o  o f f e r  a  m o r e  p r e d o m i n a n t  
p r e c i s i o n  e l e m e n t .
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APPENDIX
SUGGESTIONS OF FUTURE WORK TO BE DONE
D e term in a t io n  o f  t r u l y  r e p r e s e n t a t i v e  s p in d l e  d e n s i t y  v a lu e s  th a t  
can be used  in  a s a t i s f a c t o r y  com parison  o f  d i f f e r e n t  m u sc le s  
from d i f f e r e n t  i n d i v i d u a l s  rem ains to  be worked o u t .  Using th e  
Image a n a l y s i s  te c h n iq u e  i t  may be p o s s i b l e  to  do f i b r e  co u n ts  
e s p e c i a l l y  f o r  th o s e  w i t h  f u s i f o r m  or p a r a l l e l  e x t r a f u s a l  f i b r e  • 
arrangem ent. Such an i n v e s t i g a t i o n  has been  embarked upon 
a lr e a d y .  S p in d le  d e n s i t y  per g iv e n  number o f  e x t r a f u s a l  f i b r e s ,  a 
form o f  "primary a f f e r e n t  u n it"  can th en  be c a l c u l a t e d .  I t  a l s o  
would be i n t e r e s t i n g  to  work ou t any r a t i o  o f  bag and ch a in  f i b r e s  
in  th e  s p in d l e s  l o c a t e d  i n  th e  v a r io u s  zo n es  o f  the i n t r i n s i c  
m u s c le s .  A p o s s i b l e  c o r r e l a t i o n  w i t h  th e  known p h y s i o l o g i c a l  
p r o p e r t i e s  o f  t h e s e  two f i b r e  ty p e s  can th en  be made.
An a ttem p t was made to  do h i s t o c h e m i c a l  ty p in g  o f  th e  i n t r i n s i c  
m u sc le s  o f  th e  hand. U n fo r t u n a te ly ,  th e  r e s u l t s  o b ta in e d  were n o t  
s a t i s f a c t o r y .  These r e s u l t s  co u p led  w i th  th e  b a g /c h a in  f i b r e  
ty p in g  d ata  sh ou ld  g i v e  a more in f o r m a t iv e  p i c t u r e  o f  s t r e t c h  
r e c e p t i o n  in  the hand m u s c le s .
F i n a l l y ,  i t  may be w o r th w h i le  to  r e v ie w  some o f  the s u r g i c a l  m eth ods/  
p r i n c i p l e s  a p p l ie d  to  r e p a ir  o f  hand m u s c l e s / t e n d o n s . The 
ap paren t predominance o f  p r e c i s i o n  v s  power e lem en ts  in  some 
m u sc le s  and n o t  o th e r s  p ro b a b ly  need to  be looked  a t  more c l o s e l y .
